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TASKS OF SOIL SCIENTISTS IN THE LIGHT OF THE RESOLUTIONS 
OF THE JANUARY PLENUM OF THE CENTRAL COMMITTEE 
OF THE COMMUNIST PARTY OF THE USSR 


The resolutions of the January Plenum of 
the Central Committee of the Communist Party 
of the USSR constitute an important event in the 
life of our country. Noting the fast develop- 
ment of the peoples' economy, including that of 
agricultural production, the Plenum uncovered 
shortcomings in the development of agriculture 
and showed a lag in the growth rate and the level 
reached in the production of agricultural prod- 
ucts, especially in animal husbandry, behind 
the set 7-year plan. 


The Plenum specified that a steady increase 
of agriculture is one of the most important con- 
ditions for building a communistic society. 


For the successful development of national 
economy and the raising of the standard of living 
of the people, the growth of agricultural produc- 
tion must exceed demand, as stated in the speech 
of N.S. Khrushchev, and in the resolutions of 
the Plenum of the Central Committee of the 
Communist Party of the USSR. 


An important task of agriculture, as indicated 
in the resolutions of the Plenum, is to increase 
greatly in the near future the production of 
grain, industrial crops, potatoes and vegetables, 
meat, milk, and other products. 


To achieve these goals, agriculture must be 
based on scientific principles, and strive to- 
ward such a state that the quantity of products 
be increased under any climatic conditions in 
the country. 


At the present time our country can increase 
its capital investments (above those specified in 
the 7-year plan) to develop agriculture and the 
industry which serves agricultural production. 
In relation to this the Plenum plans to step up 
the delivery of agricultural machinery in the 
near future, as well as the production of miner - 
al fertilizers, herbicides, and toxic chemicals. 


To ensure an increase of agriculture it is 
necessary that agriculture continue to develop 
and be improved, and that the achievements of 
science and the experience gained be persistently 
introduced into the practical work of kolkhozes 
and sovkhozes. The agricultural Ministry of the 
USSR must focus a great deal of its attention on 
the realization of this goal. 


Special attention was paid at the Plenum to 
the problem of the development of irrigation— 
the irrigating and flooding of millions of hectares 
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of land in the southern regions of the country. 
Together with irrigation, work must be conducted 
on the drainage of water-logged and excessively 
wet lands outside the chernozem belt. 


Following the resolutions of the January 
Plenum of the Central Committee of the Com- 
munist Party of the USSR, soil scientists must 
focus their attention on the more active servicing 
of agricultural production. 


To organize agricultural production properly, 
a knowledge of the existing soil resources is im- 
perative. This requires a well-planned quantita- 
tive and, especially, qualitative assessment of 
the available soil resources. In this respect, 
the construction and elaboration of medium and 
small-scale maps for individual republics and 
various regions is of great importance. One of 
the tasks in this field is the assessment of the 
extent of virgin land under abandonment, over- 
grown with shrubs, etc., which can be drawn 
into agricultural production. Agronomical fea- 
tures must be introduced into soil maps, to a 
greater extent than has been done previously. 
The maps must give information relating to 
areas with various soil categories and data on the 
extent of land that can be reclaimed for various 
purposes. At the same time, they must reflect 
the agricultural-chemical properties of various 
soils, as well as other indices of production, in 
particular certain of their physical and techno- 
logical properties. These materials are neces- 
sary to establish the need for fertilizers, to 
plan fuel consumption for tillage, and particular- 
ly to increase the speed of implements, etc. 
Finally, such materials can be used during the 
construction of machines and can determine the 
number of special types of implements being 
manufactured by the industry. A number of 
indices characterizing the physical properties 
of soil are also required in planning various 
types of agricultural melioration. Now, after 
N.S. Khrushchev has stated the need for soil 
maps, they must be compiled on a much larger 
scale. Each kolkhoz and sovkhoz must be pro- 
vided with soil maps. However, the problem is 
far from being solved by only the construction of 
a soil map. In spite of the fact that it is difficult 
to farm properly without knowing soils, there are 
still many farms at which soil maps, compiled 
earlier, are not being used properly. In order 
to use them properly, the agronomists must be 
better trained in the problems of soil science; 
and soil scientists, in turn, must be better 
trained in agronomy. It is extremely important 
that a soil map for an individual farm reflect not 
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only the quality of the soil, but also contain in 
the form of recommendations, special schematic 
maps and other materials, plus concrete sug- 
gestions on the proper use of various soil 
groups and ways of increasing their fertility. 
In relation to this, soil science research insti- 
tutions must accelerate the development of im- 
proved methodological instructions on the con- 
struction of soil maps for kolkhozes and sov- 
khozes. They must also finish their work on 
the classification of arable soils, which should 
be more closely related to their site quality. 
When selecting the topographical basis for soil 
mapping, aerial photographs should be used, if 
possible. This would increase the quality of 
soil surveys and accelerate work considerably. 


An important problem, which must always 
be kept in the minds of soil scientists and 
agronomists, is that of the use of mineral and 
organic fertilizers. It is not necessary to touch 
on all the problems relating to this; they can be 
united under one general concept—the agricul- 
tural-chemical servicing of agricultural pro- 
duction. To solve this problem it is necessary 
first of all to determine the need by various 
soils of mineral fertilizers, and at the same 
time to determine their effectiveness in various 
soils under various crops. Recommendations 
must be worked out as soon as possible on the 
more rational utilization of such amounts of 
fertilizers which actually can be produced by 
the industry. 


Considering the low production of mineral 
nitrogen fertilizers, attempts should be made 
to increase the supply of biological nitrogen in 
soils by sowing legume crops, but not to the 
detriment of the growth of the planned crop. It 
is necessary to utilize organic fertilizers more 
effectively. In all these problems agriculture 
needs the help of science. 


The damage brought to agriculture by soil 
erosion is well known to all. In areas where 
there is a deficiency of soil moisture during the 
growing period, erosion control is simultaneous- 
ly the control of soil droughts. The combination 
of measures for the control of soil erosion and 
soil moisture conservation could substantially 
increase crop yield in regions with developed 
erosion. To eradicate erosion, the whole com- 
plex of agricultural practices must be con- 
sidered as soil-protection. Agricultural means 
must be supplemented by special measures 
regulating snow melting and the runoff of spring 
and rain waters, or adapted to the prevention of 
wind erosion. Being interrelated, these 
measures must embrace the whole territory of 
the natural region as a whole, and must not be 
limited to only one land use. In order to do this 
it is necessary to work out general state, or 
interkolkhoz, projects for the corresponding 
measures, using the most modern achievements 
of domestic and foreign science. It is especial- 
ly desirable to enlist a wide circle of people to 
fulfill such measures. 


Soil scientists must also focus their attention 
on the methods of plowing various soils, and 
even more on differential methods of soil tillage 
in various zones and provinces. The problems 
of deep meliorative plowing of sod-podzolic 
soils, as well as solonetzes and certain other 
soils, are of special significance as a means of 
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creating a thick plowed layer having a high fer- 
tility. 

The Plenum devoted a great deal of attention 
to problems of the development of irrigation in 
Central Asia, in southern Ukraine, in the North- 
ern Caucasus, and in other regions of the coun- 
try. The Party and the Government repeatedly 
stressed the need for the development of irriga- 
tion; the problem now is to double the extent of 
irrigated land in the near future. Let us recall 
that it took centuries to build up the existing ir- 
rigated land in our country. 


The most important problem in organizing 
new irrigation is the selection of suitable lands, 
and the soil-meliorative evaluation of the corres- 
ponding territories. An important role in this 
must be played 4y soil scientists-meliorators. 


The expansion of irrigated areas must be 
achieved by using the new techniques in the con- 
struction of irrigation systems and their exploi- 
tation. Covered channels must be used on soils 
susceptible to secondary salinization in order to 
eliminate water seepage. In time, water supply 
through pipes will be widely used, as well as ir- 
rigation by means of sprinkling installations or 
devices. With such methods of irrigation the 
soil could be supplied with only the amount of 
water it can retain and the hazard of rising 
ground water could be eliminated in certain 
cases, or reduced. In relation to this the need 
arises to revise the existing methods of evaluat- 
ing soil-meliorative conditions for a number of 
regions, which were established earlier for ir- 
rigation by the old methods. Such a revision 
should also be made of other areas, where ex- 
perience in irrigation is lacking, especially 
under conditions of the dry steppe zone, which 
differs considerably in its natural properties 
from the irrigated regions of Central Asia and 
the Trans-Caucasus. This work is extremely 
important and wide in scope. 


The fulfillment of all the tasks facing agri- 
culture requires great efforts and could meet 
with a number of difficulties, such as the short- 
age of cadres of soil scientists, having both a 
general and a very specialized training. The 
shortage of soil scientists who are properly 
trained to fulfill many practically important 
tasks is being felt even now. There are especial- 
ly few soil scientists who are sufficiently ac- 
quainted with the requirements of an irrigated 
economy; such soil scientists as could conduct 
investigations needed for working out soil- 
meliorative irrigation projects, a fact which 
should cause concern even now. 


The most important task of soil scientists, 
especially those working with scientific-research 
institutions, experimental stations, and agricul- 
tural management, is the wider introduction of 
the achievements of soil science into practical 
agriculture. Any scientific investigation plus 
any experiment on the improvement of soils and 
on the increase of their fertility can be considered 
as completed only when their results re intro- 
duced into production. 


We must thoroughly study the material and 
resolutions of the January Plenum of the Central 
Committee of the Communist Party of the USSR, 
uncover and eradicate those shortcomings which 
hinder the further fruitful work of soil scientists 
in filling the needs of agriculture and the intro- 
duction of its results into practical agriculture. 


ZONAL STUDY OF THE MINERAL FERTILIZER RATES 


AND LARGE-SCALE SOIL MAPS 


P.G. NAYDIN and N.N. MIKHAYLOV, All-Union Scientific-Research Institute of Fertilizers 


and Agricultural Soil Science 


The crucial question of the whole problem of 
fertilizers is the establishment of the rates of 
mineral fertilizers necessary for the creation 
of a definite yield level of one or the other 
crop. A proper solution of the problem of 
fertilizer rates is required in order for the 
government to regionalize mineral fertilizers 
according to individual natural-economic zones 
of the country. It is also necessary to substan- 
tiate the systems of fertilization in any particu- 
lar crop rotation in each individual kolkhoz or 
sovkhoz. 


In establishing the need of mineral fertilizers 
in the Soviet Union, optimum fertilizer rates 
must be determined, 


By an optimum mineral fertilizer rate we 
mean such an amount of fertilizers which has 
to be applied per hectare of planting to ensure 
(in conjunction with a sufficiently high level of 
agricultural techniques) the planned yield of a 
given crop of a good quality with the least ex- 
penditure of fertilizer. Practical workers are 
most interested in the problem of the rate or 
amount of fertilizers: how much and what fer- 
tilizers must be added to this or that crop to 
ensure a definite level of crop yield, 


By the amount of fertilizer (in contrast to the 
concept of the annual rate of fertilization) we 
mean that amount of the annual rate of fer- 
tilizer which is added to the soil using various 
methods of application (base fertilization 
during sowing and top-dressing) at a given 
farm, taking into account soil, crop rotation, 
and other associated agricultural conditions. 


The initial data for judging the rates and 
amounts of mineral fertilizers are obtained 
from the general results of corresponding 
field experiments, conducted in previous 
years under various soil and climatic condi- 
tions. Thus, average rates of mineral fer- 
tilizers were set up to substantiate the scheme 
of the fertilizer requirement of the most im- 
portant crops for the current 7-year plan and 
for the future. This was done for the benefit 
of the Soviet Union as a whole and for its 
individual economic regions, 


The sharp increase in production and in 
the use of mineral fertilizers, called for by 
the 7-year plan, and the outlook for future 
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years, set before us the task of revising a num- 
ber of proposals and recommendations in rela- 
tion to the rates and amounts of mineral fer- 
tilizers. The geography of the use of mineral 
fertilizers in our country will undergo consider- 
able changes even by the end of the current 
7-year plan, The use of fertilizers for food 

and forage crops will increase sharply; this 
increase will lead to great changes in the 
regional distribution of intensive fertilizer 

use. In relation to this, new large centers 
using mineral fertilizers will appear on the 

map of the Soviet Union, such as the center of the 
non-chernozem belt, the northwestern portion 
of the country, the Baltic republics, the Belo- 
russian SSR, the forest and forest-steppe re- 
gions of the Ukrainian SSR, and Siberia and the 
Far East. 


The available experimental material on the 
rates and amounts of mineral fertilizers is in- 
sufficient with respect to all crops in the eastern 
regions of the country (Far East Eastern Siberia, 
Kazakhstan, and Western Siberia), There is 
also insufficient material on many regions of 
the non-chernozem belt. There are almost no 
data on the rates of mineral fertilizers for corn 
in the non-chernozem belt and the forest steppe, 
and for winter crops with fallow. There is little 
data on fertilizer rates for all the regions under 
forage crops, but there are scattered data on 
meadow and pastures and perennial plantings 
(vineyards, gardens, and small-fruit patches). 
The problem of the rates of mineral fertilizers 
for crops which are considered to be the most 
studied in this respect, such as sugar beet and 
cotton, has become a debatable one in recent 
years. The resolutions of the joint session 
of the All-Union Lenin Academy of Agricultural 
Sciences and the Ukrainian Academy of Agricul- 
tural Sciences, which took place in Kiey in 1959, 
call for the expansion of experimental-research 
work on fertilizer rates. A similar proposal 
was made recently by a number of investigators 
with respect to cotton (10, 11, 15). 


It must be noted that in the last 10-12 years 
little attention had been paid by scientific-re- 
search institutions to the problem of the study 
of the rates and amounts of mineral fertilizers. 
The organization of experimental work on the 
study of mineral fertilizer ‘rates, zone-by- 
zone, had been planned before World War I. 
However, because of the war it had not been 
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achieved on the scale planned (8, 12). The 
problem of the study of fertilizer amounts has 
become very important in our time because of 
the new, high requirements for the production 
of all agricultural crops. The necessity of 


revising the earlier established fertilizer amounts 


is also called for by the introduction into produc- 
tion of new methods of raising agricultural crops 
(square-hill and square sowing on furrow-plowed 
soil, plowing without a moldboard), and new 
methods of applying fertilizers (hill, row during 
sowing, and local applications of fertilizers). 


In relation to the extensive work being con- 
ducted now on the construction of large-scale 
soil maps, the need arises for the full utilization 
of the results of this work in the practical appli- 
cation of fertilizers and, primarily, for the 
substantiation of fertilizer amounts (how much 
and what fertilizers must be used on a given 
soil variety in farms). 


It must be noted that at the present time we 
do not have reliable theoretical methods of 
calculating fertilizer amounts necessary for 
obtaining a set yield of a given crop under def- 
inite natural and agricultural conditions, even 
though attempts at such calculations have been 
made repeatedly (5). 


The characteristics of the chemistry, physi- 
cal structure, and biological activity inherent 
in each soil variety, distinguished by modern 
genetic soil science, must also govern its 
specific reaction to the cultural-economic 
activity of man, and, in particular, to fertiliza- 
tion. However, on the basis of the present 
knowledge of the properties of soil and the char- 
acteristics of plants, we can draw only the 
most generalized conclusions on the composi- 
tion and amounts of fertilizers to be added to 
the soil in a certain part of a field, truck 
garden, or meadow, to obtain the desired yield 
and quality of the crop grown. In this respect, 
the establishment of general geographical prin- 
ciples of the effect of fertilizers, depending on 
the properties of soils (of a given ron 
by the method of geographical field experi- 
ments, is very promising. Using this method, 
together with properly organized experiments, 
one could determine how one soil variety differs 
from another with respect to the effect of fer- 
tilizers of a given composition, applied ina 
definite way. However, this solution to the 
complicated problem of the differential approach 
to the establishment of fertilizer rates (amounts) 
should not be compared to all the other methods 
of studying soil fertility. 


To determine the way fertilizers act in re- 
lation to soil conditions, one requires the most 
complete information on the agronomically im- 
portant properties of soils, which can be com- 
pared by means of the field method. Unfortunate- 
ly, the agricultural-chemical characterization of 
soils, being compared by field experiments, is 
often incomplete and imperfect. The method- 
ological difficulties in the organization of field 
experiments proper, conducted with the object 
of determining the regular relationship between 
soil conditions (or more precisely, between the 
complex of natural conditions) and the effect of 
fertilizers, should not be underestimated, 


These difficulties are associated with differ- 
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ences in the agricultural setup of individual 
field plots and meteorological conditions, and 
with the different response of various agricul- 
tural plants to fertilizers. 


Agricultural practices accompanying the 
use of fertilizers have a great influence on the 
natural characteristics of soil and change its 
productivity considerably. Differences in the 
agricultural setup and, primarily, in crops 
which had occupied a field prior to the experi- 
ment and its previous fertilization, have such 
a great influence on the effective fertility of 
the soil that two field plots completely identi- 
cal with respect to soil genesis may react 
entirely differently to a fertilizer. And on 
the contrary, two different field plots with 
respect to soil genesis may react in the same 
way to the fertilizers applied under the influence 
of the same agricultural practices. 


As we know, the introduction of perennial 
leguminous grasses into crop rotation on all 
soils changes the requirements of the following 
crops in fertilizers; in this case the effect of 
nitrogen fertilizers is weakened, while the effect 
of phosphorous and potassium fertilizers is 
increased, From the numerous examples which 
prove this pattern, let us give you as an illustra- 
tion the results of only one pot experiment made 
at the Belotserkov Experiment Station (9} in 
which one and the same soil (fine clay loam, 
leached chernozem) showed a pronounced re- 
sponse sometimes to nitrogen, when sowing 
oat after grain crops, and sometimes to phos- 
phorus when sowing oat after clover (Table 1) 


Table 1 


Influence of preceding crops on the change 

in the nitrogen and phosphorous require- 

ments of the following crops (greenhouse 
experiments with oats) 


Oat yield, g per pot 


After 
clover 


Fertilizers 


Winter 
wheat 


Control without 


fertilizer 
P 30,7 
PK 31,4 
NPK 


Note: Comma represents decimal point. 


A large number of field experiments with 
grains, sugar beets, cotton, flax, and potatoes 
on various soils show the same pattern, The 
application of manure at the acceptable rates 
in practice, also cause a sharp change in the 
requirement of any soil in mineral fertilizers. 
Table 2 gives individual examples from long- 
term experiments with potatoes and sugar beets, 
which show that the application of manure 
sharply reduces the effectiveness of phosphorus 
and partly of potassium, while it hardly changes 
the effect of nitrogen fertilizers. 


Similar results were obtained in a large 
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Table 2 


Effect of phosphorous and nitrogen fertilizers against 
a background of manure and a background without 
manure 


Novozybkov 


Increment against a 
manure background, 


: entr/ha phosphate 
eptasea one Cy entr/ha (dos. 
stations 
ane of 30-60 ke/ha 
a NP | NPK | P.O, withou 
manure 


Sugar beets 


Khar'kov 25 9 | 24 35 51 
Sumy 21 | 15 | 30 56 53 
Kuznets 40] 21] 54 64 

Potatoes 


CES? Ty leh ome |P 18 
Kalugi Delp brik Poe 19 
Orlov fem 


ncremen 
from super- 


4 Central Experiment Station, All-Union Institute 
of Fertilizers and Agricultural Soil Science. 


number of experiments not only with sugar beets 
and potatoes, but also with cotton, vegetable 
crops, food tubers, and spring and winter grain 
crops after fallow. In general, it must be con- 
cluded that manure is an excellent source of 
phosphorus and potassium as plant nutrients, 
and usually does not entirely meet the require- 
ments of plants for nitrogen. 


Weather conditions also cause a consider- 
able change in the effectiveness of fertilizers 
on one and the same soil. Deviations from 
long-period averages often lead to rather 
considerable changes in the level of effective 
fertility of a given soil group or variety, and 
consequently to a change in the ''average"' effec- 
tiveness of fertilizers. We could give many 
pertinent examples. In one of our experiments 
on the sod-podzolic soil of the Central Experi- 
ment Station of the All-Union Institute of 
Fertilizers and Agricultural Soil Science at 
Barybino (Moscow Oblast') with various amounts 
of nitrogen fertilizers applied to spring wheat, 
we obtained sharply differing results in two 
years (1939 and 1940) only because of different 
weather conditions. In 1939, the spring was 
cold, which was typical for the Moscow Oblast’. 
As a result of weakened biological activity 
there were very little nitrates in the soil at 
the time of tillering of spring wheat. In 1940 
the spring was unusually warm and the content 
of nitrates in the soil was two and one-half times 
as high at the time of tillering of wheat than in the 
preceding year. Correspondingly, the effective- 
ness of nitrogen fertilizers in 1939 was normal 
for the conditions at the Central Experiment 
Station of the All-Union Institute of Fertilizers 
and Agricultural Soil Science, while in 1940 it 
was sharply reduced (Table 3). 


Of all mineral fertilizers, the most stable 


effect on chernozem soils is usually obtained 
by phosphorous fertilizers. However, as the 


ity 


Table 3 


Effect of nitrogen fertilization on podzolic 
soil depending on weather conditions, 
Central Experiment Station, All-Union 

Institute of Fertilizers and Agricultural 
Soil Science 
Yield of spring whea 
Fertilizers eral n ye 


1939 1940 


Mean daily temp, dur. 
sowing period (May), 
°é 


Nitrate nitro, durin 
tillering per., m 
kg of soil 


Note; Comma represents decimal point. 


results of long-term experiments show (Table 4), 
the magnitude of the effect of these fertilizers 
is subject to considerable fluctuations depending 
on weather conditions. 


Sharp reductions in the effect of phosphorous 
fertilizers on winter grain crops occur in years 
with sub-normal (drought years) and excessive 
summer precipitation (leading to lodging on 
fertilized plots). 


Differences in the agricultural setup and in 
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Table 4 


Effect of phosphorous fertilization on 
chernozem soils depending on weather 
conditions 


Increment of winter 
wheat yield grain, 
entr/ha 


Experiment 
stations 


Shatilov 
Khar 'kov 
Sumy 


Note; Comma represents decimal point. 


meterological conditions in individual field 
plots, plus the biological differences between 
plants in field experiments cannot be eliminated; 
however it is possible and necessary to deter- 
mine the magnitude of their effect on the action 
of fertilizers. This requires geographical 
field experiments, which would allow one to 
determine the relationship between soil condi- 
tions (natural) and the effect of fertilizers (in 
particular, various amounts of fertilizers) in 
the area studied. Such comprehensive long- 
period experiments (not less than 3 years) 
under crop rotation or individual crops under 
rotation, including corn, which differ sharply 
in their response to fertilizers (among the 
most important and widespread in a given agri- 
cultural region), must be conducted according 
to coordinated schemes. The experimental 
schemes must necessarily provide for the de- 
ter ‘ination of the effect of various amounts 

of fertilizers against a background of agricul- 
tural practices which would strongly affect the 
effective fertility of the soil. These practices 
could include an alternation of plants (first of 
all the influence of perennial grasses must be 
considered) which would precede or accompany 
the application of mineral fertilizers, manuring 
(or green manuring, the application of peat, 
etc. ), irrigation, and liming of acid soils. 


Before each experiment is begun, the soil 
conditions of the plot must be studied thorough- 
ly. Later, the experiment must be accom- 
panied without fail by the study of all the im- 
portant environmental conditions (which can be 
subject to analysis) where the plant develops, 
and the reaction of the plant itself to the fer- 
tilizers. In our huge country with its exception- 
al variety (with respect to natural conditions 
and production) of agricultural land uses, many 


hundreds of geographical experiments are needed. 


The expected increase from fertilizers forces 

us to accelerate the development of the govern- 
mental system of geographical experiments 

with fertilizers. Considering the modern state 
of the organization of experimental work, we 
must develop this system by gradually enlisting 
the cooperation of the best-equipped large 
scientific-research institutions, particularly 

in areas where chemical reaction is of especially 
great importance. 
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In addition to a single governmental system 
of geographical experiments with fertilizers, 
former experiments with fertilizers must be 
resumed, In addition, new mass experiments 
with fertilizers must be organized on the scale 
of individual republics and regions to determine 
the principles of the action of fertilizers in re- 
lation to local natural and production conditions. 
These local geographical experiments must also 
be based on a thorough study of soil conditions 
in each individual experiment. 


In this respect we must take note of the work 
conducted at the Armenian Scientific-Research 
Institute of Agricultural Chemistry and Soil 
Science, which started its mass field experi- 
ments with fertilizers in the kolkhozes of the 
republic and embraced all the major varieties 
of cultivated soils. In 1960, the Institute 
started about 100 experiments in kolkhozes, 
having conducted a thorough soil survey in each 
experimental area, 


The All-Union Lenin-Order Scientific-Re- 
search Institute of Cotton Growing (SoyuzNIKHI) 
plans to organize by 1961 mass field experi- 
ments with fertilizers through the agricultural- 
chemical laboratories of the republics. It also 
plans to conduct simultaneously agricultural- 
chemical soil analyses of the content in the soil 
of mineral nutrients available to plants. 


In establishing the optimum rates and amounts 
of mineral fertilizers, it is necessary to utilize 
as fully as possible the agricultural-chemical 
indices of the amount of nutrients available to 
plants, differentiating them for various soils 
and various crops. The use, for this purpose, 
of indices of the content of available nitrogen 
compounds, phosphorus, and potassium in the 
soil is complicated by the imperfection of the 
methods of determining them. However, even 
with these methods it is possible to use the 
indices for the foregoing purposes. In this re- 
spect, the practices in foreign countries must 
be considered. 


In the German Democratic Republic cultivated 
soils are subdivided on the basis of agricultural- 
chemical analysis of the content of available forms 
of phosphorus (method of Egner-Rim) into 
groups with a high, moderate, and low supply 
of phosphorus. When these groups are de- 
termined, the texture and acidity (pH) of the 
soil are taken into account in addition to its 
content in available P,O,. Depending on the 
amount of phosphorus in the soils, the soil 
scientists and agricultural chemists of the 
German Democratic Republic make their rec- 
ommendations to the practical men on the 
amounts of phosphorous fertilizers to be added 
to individual crops. The amounts of potassium 
fertilizers are also determined by the amount 
of potassium in the soils (1, 2). 


Investigations conducted in other Western 
European countries (Sweden, Denmark, and 
Holland) show that there, also, the content of 
available nitrogen compounds, phosphorus, 
and potassium in the soils is considered when 
making recommendations on the amounts of 
fertilizer. The Chief of the State Soil Labora- 
tory of Denmark, Bondorff (16), has established, 
on the basis of extensive field-experiment data, 


MINERAL FERTILIZER RATES 


a very reliable correlation between the content 
of available potassium and phosphorous com- 
pounds in Danish soils and the effect of potas- 


sium and phosphorous fertilizers in field experi- 


ments, 


Investigations conducted in the United States 
of America indicate that there is a definite 


correlation between the content of available phos- 


phorous compounds in the soils of the United 
States and their response to phosphorous fer- 
tilizers (17, 18). As ina number of Western 
European countries, recommendations on the 
rates of application of phosphorous and other 
types of mineral fertilizers are given in the 
United States with differentiations, taking into 
account the content of available nitrogen com- 
pounds, phosphorus, and potassium in the soils. 
The United States has already constructed maps 
of the supply of available compounds of N, P, 
and K in the soils for individual states, and for 
the country as a whole. These materials are 
used when working out recommendations on 
fertilizer rates. 


Experience gained in foreign countries 
shows that in spite of imperfect methods, it 
is still possible to use the data from agricul- 
tural-chemical analyses for giving differential 
instructions on amounts of mineral fertilizers 
for individual agricultural crops or groups of 
such crops. The instructions would depend on 
the supply of available compounds of the major 
nutrients in the soil. 


A study of foreign materials on these prob- 
lems also shows that the effective use of data 
from agricultural-chemical soil analyses re- 
quires numerous field experiments with 
mineral fertilizers under various natural 
conditions in various soils. Thereby, it is 
possible to establish a correlation between the 
indices of the agricultural-chemical character- 
istics of soils and the effect of fertilizers on 
the yield of agricultural plants on various 
soils under field conditions. 


Experimental work on the establishment of 
amounts of mineral fertilizers is very limited 
in our country, and is little related to work on 
large-scale soil maps, as well as to the de- 
velopment and use of methods of agricultural- 
chemical control of the proper use of fertilizers. 


The methodological instructions of the All- 
Union Institute of Fertilizers and Agricultural 
Soil Science on the compilation and use of soil 
maps of kolkhozes and sovkhozes of the RSFSR, 
published in 1959 (7), call for the construction 
of cartograms of the supply of available phos- 
phorous and potassium compounds in the soils. 
But recommendations on the practical use of 
these indices are very schematic because 
there is not enough experimental data on the 
effect of phosphorous fertilizers, for instance, 
on soils with a definite content of available 
phosphorus. There are no recommendations 
on fertilizer amounts on large-scale maps which 
had been compiled in 1960 by the Turkmen Agri- 
cultural Institute, even though cartograms of the 
content of available phosphorus in the soils are 
appended to these maps. 


By the joint effort of soil scientists and 
agronomists, soils with various contents of 
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available phosphorus have been determined 

now for the irrigated regions of Central Asia, 
and an interrelationship has been established 
between its content and the effectiveness of 
phosphorous fertilizers. Investigations (All- 
Union Institute of Fertilizers and Agricultural 
Soil Science, the All-Union Lenin-Order 
Scientific-Research Institute of Cotton Growing, 
and the Tadzhik Agricultural Scientific-Research 
Institute) showed that the application of phos- 
phorous fertilizer to cotton gives a stable effect 
only on soils having an available phosphorous 
content of less than 15-25 mg/kg P,O,. On 
sierozem, however, having a P,O, content of 
more than 45-60 mg/kg, the application of 
phosphorous fertilizers, even against a back- 
ground of considerable amounts of nitrogen, 
does not ensure an increase in the yield of raw 
cotton. This is well-illustrated by the data of 
Chumachenko (14). In relation to similar 
material of other investigators (3, 6, 13) a 
discussion arose on whether there are many 
soils with a high content of available phosphorus 
("phosphated") in the irrigated cotton-growing 
areas. 


We believe that investigators and practical 
men should pay attention to another, more im- 
portant fact. The materials in the foregoing 
article by Chumachenko show that an increase 
of the amount of phosphorus exceeding 70 kg/ha 
P,O, does not increase the yield of raw cotton in 
any soil group, including the group of soils with 
the least available phosphorous content (18-28 
mg P,O, per 1 kg of soil). It must be noted 
that with those phosphorous amounts that are 
usually used in field experiments with a great 
number of crops, an increase in the amount of 
phosphorus either does not produce an increase 
in yield, or increases it insignificantly and thus, 
is not justified. 


This is especially clearly shown by the re- 
sults of long-term experiments with sugar beets, 
a crop which is very responsive to phosphates, 
especially on chernozems. The results of 
long-term experiments by the All-Union Institute 
of Fertilizers and Agricultural Soil Science on 
the thick chernozem of the Sumy experiment sta- 
tion, in which all the proper field-experiment 
conditions were fulfilled and where fertilizer 
was applied in rows to sugar beets and a moder- 
ate amount of manure, was used in each crop 
rotation (4), are shown in Table 5. An increase 
in the amount of phosphorus did not produce an 
increase in the yield of beets against any of the 
three different nitrogen-potassium backgrounds. 


The necessity of greatly expanding experi- 
mental work for the determination of economi- 
cally optimum rates of fertilizers for the main 
agricultural crops, in close agreement with 
work on the compilation and use of large-scale 
soil maps, is quite obvious. Conducting experi- 
mental investigations on fertilizer rates and 
amounts in conjunction with a verification and 
elaboration of methods of agricultural-chemical 
control must be the main purpose in the study of 
fertilizers in the near future. The main atten- 
tion in this work must be given to phosphorous 
fertilizers. The data obtained in the last 10 
years on phosphorus in the soil, on the effect 
of phosphorous fertilizers in plots having been 
fertilized for a long time ("phosphated"'), and 
other materials, show how necessary it is to 
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Table 5 


Amounts of fertilizer during 7-crop rotation 


Fertilizers 


year 
average) 


tion field 


Background of N,)P2 Kio 
in rows of beet = ae 232 


Manure, 20metric tons/ha | — — 209 


Manure, 20 mt/ha + N,.K,, | 75 10,7 275 
" 1" " 450 21 4 278 


" "+ NogKigo} 150 | 24,4] 302 
iy t! vg. 270 38,5 300 


u u NisoKogs | 210 | a) | 316 
i “i i 420 | 360,0 314 
Note: Comma represents decimal point. 
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CERTAIN METHODS OF RATIONALLY UTILIZING SOIL MOISTURE 


IN TEA PLANTATIONS 


M. K. DARASELIYA, All-Union Scientific-Research Institute of Tea and Subtropical Crops 


In spite of plentiful precipitation in the 
subtropical regions of Western Georgia, the 
extremely uneven seasonal distribution and the 
intense uptake by vegetation necessitate the 
development of measures for the regulation of 
the water regime of soil. Under conditions of 
a flat relief, these measures must be directed 
toward the diversion and removal from planta- 
tions of the excess water from autumn and win- 
ter precipitation, which accumulates because 
of the poor permeability of the soils and insuf- 
ficient surface runoff. During the spring-sum- 
mer months the main problem is how to utilize 
soil moisture, rationally, and in many cases 
how to supplement precipitation by irrigation. 
The latter practice-irrigation — sprinkling, is 
especially critical in the eastern regions of 
Georgia, such as Tsulukidze, Tskhaltubo, and 
other areas in Imeretia. 


Precipitation in the subtropics is character- 
ized by heavy showers, which occur mostly in 
autumn, 


This type of precipitation leads to an un- 
stable soil-water regime, often creating a 
deficiency in soil moisture for the subtropi- 
cal plants, especially tea. This is especially 
pronounced on red earth soils, which are found 
in hilly terrain, Because of their high porosity 
and permeability, and also because of intense 
percolation, often reaching 20%-30% of the pre- 
cipitation, the gravitational water in red earth 
soils drains rapidly, and the favorable water 
to air ratio in the soil is disturbed by the de- 
crease in moisture. 


Long-term investigations show that the 
amount of moisture in the soil at the beginning 
of the growing period is close to its water 
holding capacity. Soon the moisture content 
in the soil decreases sharply because of the 
deficiency in precipitation, especially in 
April and May. This decrease unfavorably 
affects the formation of shoots in the tea plants. 


In this respect, the conditions are slightly 
more favorable in subtropical podzolic soils. 
Even though there is less precipitation here 
during the growing period than in the red earth 
zone, its loss at the surface and from percola- 
tion is less intense. This is because of the poor 
permeability of the lower part of the soil pro- 
file where water often stands, forming a water 
layer (temporary water table). The frequency 


122 


of the formation of a temporary water table is 
rather high, as our observations in the past 
years showed, and the water stands 5-10 days, 
depending on conditions. Such a situation, 
except for cases of excessive moisture, pro- 
motes more complete utilization of precipita- 
tion by agricultural plants.* It must be added 
that with the comparatively small difference 
between the minimum moisture capacity of 
podzolic soils and red earth, the percent of non- 
readily available moisture in podzolic soils is 
two times smaller than in the red earths. Thus, 
the wilting moisture of subtropical podzolic 
soils is about 10%-11%, while that of red 
earths reaches 21%-23%, 


Thus, the amount of moisture for tea plants 
on subtropical podzolic soils is not lower, in 
spite of the considerably lower precipitation 
amounts, than on the red earths of slopes, which 
receive more precipitation. 


The observational material collected by us 
for many years on the water regime of sub- 
tropical soils shows that moisture in them rare- 
ly drops below the critical moisture for plants, 
i.e., down to wilting moisture. 


This sharp decrease in moisture is often ob- 
served only in the upper soil layers, which are 
subject to drying as a result of the physical evap- 
oration of moisture, and occurs very rarely 
through the entire root zone of the soil. The 
moisture content in this layer of the soil is 
usually below minimum moisture capacity during 
the growing period, but it is always above wilting 
moisture, except in the surface layer. Such 
moisture conditions, according to the state- 
ments of Veihmeyer¢ and his followers, must 
ensure a normal moisture supply to plants. 


However, the investigations conducted by us 
since 1933 did not confirm the statements of 
Veihmeyer as far as tea is concerned, These 
investigations as well as earlier ones, which 
established the differential availability of various 


‘Nevertheless, when establishing a tea plantation 
the compacted layer must be broken up (killifered) 
if it is less than 70 cm deep. 


°F. J. Veihmeyer. Hilgardia, No. Bo iy. 


SOIL MOISTURE IN TEA PLANTATIONS 


parts of soil moisture for plants, showed a 
physiological deficiency of moisture, and lead 

us to the conclusion that tea plantations need 
irrigation, This fact was proved by field exper- 
iments conducted by the Institute for Tea from 
1936-1938, and was confirmed by our experi- 
ments as well as production experiments con- 
ducted in the Achigvar tea sovkhoz from 1949- 
1957 on the sprinkling irrigation of tea planta- 
tions, 


In spite of the foregoing statements on the 
periodic deficiency of soil moisture and the 
effect obtained from the sprinkling of tea planta- 
tions, we cannot assert that all the means for 
using the amount of precipitation falling in the 
regions studied, are utilized. 


Let us cite several examples, According to 
the amount of precipitation, 1956 can be con- 
sidered as a year with sufficient moisture; 
the amount of precipitation was 900 mm during 
the growing period (Anaseuli). However, the 
effectiveness of this precipitation differed de- 
pending on the state of the plantations. Thus, 
one of the plantations gave a high yield of tea 
leaves, which exceded six times the yield from 
another plantation of the same age. To produce 
the green foliage, the low-yield plantation con- 
sumed 80 mm of water per 100 kg of leaves, 
while the high-yield plantation consumed only 
12.5 mm, 


The causes for this big difference in the 
productive utilization of precipitation are 
primarily attributable to soil conditions, and 
to the complex of measures taken to increase 
the fertility of the soil, to improve the state 
of the plantation, and to increase the size and 
leafiness of tea plants (Table 1). 


It must be noted that the plantations with 


different yields shown in Table i are versions 
of the same experiment, where the fertility of 
the soils under initially equal soil conditions 
changed considerably when the plantations were 
established (because of the different practices 
taken in each experimental treatment), so that 
the productivity of the plantation changed. As 
a result of the agricultural practices used, the 
humus content increased up to 6% in one case 
(the initial humus content was 4%), and up to 
7.6% in another case. The content of easily 
available P,O, increased correspondingly. 


The development of the plants, their height, 
width, and leafiness, and consequently the pro- 
ductivity of a plantation, depend on the increase 
in soil fertility. A clear relationship is found 
between the productivity of plantations and the 
water consumption of tea plants; the latter drops 
sharply as the productivity of a plantation in- 
creases, Thus a yield of 1060 kg/ha requires 
69 mm of precipitation per centner of green tea 
leaves, while a yield of 10700 kg/ha requires 
only 8 mm. 


Thus, the utilization of precipitation is 
directly related to soil fertility and the state 
of the plants. Creating such plantations re- 
quires a complex of practices, including a 
system of fertilization, and a system of pruning 
and harvesting leaves directed toward the crea- 
tion of good foliage and a favorable density of 
plants in the plantations. The better the crown 
of the plants is developed and the more foliage 
the shrubs have, the denser the plants become 
and the better they use the moisture and the 
nutrients in the soil, However, a space of 25- 
30 cm must be left between the rows of shrubs 
to permit machines and workers to pass. 


With a plantation density which provides for 
the shading of about 85% of the space between 


Table 1 


Relationship between the fertility of soils, productivity and the water consumption of tea plants 


a a = Character of a 


Amt. of 


- the devel. of / 
Seana ihe heads : precip. 
Nature of tea Depth, umus, eae r crown, cm Yield, mm per 
plantations cm ly ae “if a Pp ke/ha |feachentr. 
ere Height] Width of tea 
aed leaf 
Low productivity 0O—15 | 4,0 45,0 4,7 34 74 1 060 69,6 
45—30 3,0 36 ,4 4,7 
30—45 Pr. 24,6 4,9 
Highly productive O—15 | 6,0 | 388,3 | 4,4 | 92 | 128 | 7750} 10,8. 
ifthe agricultural | 4539 | 3,6 | i5t.4 | 4.4 
are followed 30—45 2? ’ 6 63 ’ 8 4 ,0 
Extremely produc- 0—15 7,6 446,1 4,2 94 134 40 700 8,0 
tive with liquid 15—30 5,0 156,0 4 
manure added in 30—45 | 2,6 43,5 We 
addition to other 
agricultural prac- 
tices 


Note: Comma represents decimal point. 
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Table 2 


Moisture of red earth, % (average monthly 
values), Anaseuli, 1957 
May | August 


lantations with shaded spaces 


ae age ———ee 
85 | 50 | 85 50 
De sesh ads Lp eel area ae 


0—10 36,9 | 29,9 | 32,5 | 25,6 
10—20 39,3 | 29,7 | 34,4] 26,4 
20—30 39,3 | 32,0 | 36,3 | 26,9 
30—40 39,0 | 34,6 | 34,0] 28,5 
40—50 44,5 | 34,4 | 34,0] 28,3 
50—60 43,8 | 36,6 | 35,9 30,0 
€0—70 43,4 | 36,2 | 36,2 | 33,6 
70—80 41,1 | 34,5 | 38,3 | 35,3 
80—90 46,3 | 34,2 | 42,0] 37,1 
§0—100 50,3 | 34,0 | 40,6 | 37,0 
0—100 42,5 | 33,7 | 36,3 | 30,8 


Note: The minimum moisture capacity of 
. pane soils in the layer from 0-60 cm is 45%- 
| Oe 


Note: Comma represents decimal point. 


the plant rows, water losses from the soil 
surface are reduced sharply. Comparative 
studies on evaporation from the soil surface 
showed that in plantations with poorly developed 
shrubs with crowns shading only up to 50% of 
the soil surface between the rows, water losses 
during the growing period increase by more than 
150-200 mm as compared to plantations having 
well-developed shrubs, shading 85% or more of 
the surface between the rows. 


To illustrate the foregoing, let us discuss 


certain data on soil moisture in two plantations 
varying in plant development, crown foliage, and 
the shading of the areas between the rows (Table 


The plantations being compared are located 
next to each other and have similar relief and 
soils, but in one of the plantations the soil is 
fully shaded by the crowns of the plants, while 
in the other plantation the space between the 
plant rows of a width of 70 cm, or 50% of the 
area, is not shaded, As the data in Table 2 
show, the effect of shading is quite great. The 
difference in moisture in the upper 1 m of soil 
was 8.8% in May and 5.5% in August, or, if con- 
verted to precipitation about 88 mm of water in 
the first case and 55 mm of water in the second 
case. 


It must be noted that the importance of the en- 
closure of crown of plants in plantations is not 
limited only to the depression of evaporation 
from the soil surface. With good foliage and 
enclosed crowns, a larger percentage of the 
leaves is shaded and less exposed to the influence 
of direct solar radiation and overheating. Leaf 
temperature measurements showed that it 
varies greatly depending on solar radiation, 
the arrangement of the leaves, the angle of 
inclination, wind direction, etc. The leaves 
that are at the surface of the crown and open to 
direct solar radiation always have a higher tem- 
perature than those in the remaining part of 
the crown which are shaded. This is illustrated 
by Table 3. 


As the averages from many observations 
show, the difference between the temperature 
of those leaves which are open to solar radiation 
and those which are shaded reaches almost 
5°C. The same difference was found from mea- 
surements made in the lateral part of the crowns. 


A reduction in leaf temperature apparently 
promotes a reduction of water losses by 
plant transpiration, which creates better mois- 
ture economy in the soil and in the tea leaves. 
Numerous observations show that the higher the 
soil moisture, the higher the moisture content 
is in tea leaves; in our case the difference in 


Table 3 


Temperature of tea leaves, °C at 1-2 p.m. 


Lateral part of a 


At the surface of the 
No. of crown shrub A ores oe the| Inside the 
observa- |Gpento 5 ; crown 5 cm |Air temper- 
tion days oeide rad- phades aoiak rad. paaded 4 ibee ea. iL  waiial 
iation eaves |" iation | leaves 
4 30,4 27,2 31,0 26 , 1 26,7 | 
2 31,5 | 26,2 | 31,2 | 98/3 95'6 ee 
3 31.7 25,8 30,5 25.4 25,6 | db 
a — 
Average | 3iye 26,4 | 30,9 | 25,5 | 26,0 | es 
| 


Note: Temperatures were measured 5 times. 


Note: Comma represents decimal point. 
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the moisture of tea leaves in the two planta- 
tions compared reaches 2% and more, It 

must also be noted that the relative humidity of 
air above the crowns of shrubs in enclosed 
plantations with good foliage is 2%-4% higher 
than in those with poorer foliage and wide 

open spaces between the rows. 


All this creates conditions for the more 
economical consumption of moisture. As ex- 
periments in past years showed, an increase 
in foliage promotes a certain increase in total 
water consumptions, but its use per unit leaf 
surface decreases considerably, i.e., the 
productiveness of transpiration increases. This, 
as we mentioned earlier, is the result of the 
change in phytoclimate in enclosed plantations 
as compared to plantations with open spaces 
between the rows. 


The data obtained by us show that the great- 
est uptake of soil moisture by the shrubs occurs 
in the upper 0-30 cm of soil. This is attributa- 
ble to the fact that the main mass of fine roots 
of the tea plants is concentrated in the layer 
down to 20 cm. The concentration of roots in 
the surface layer occurred as a result of the 
action of mineral fertilizers which were ap- 
plied to a depth of 10-12 cm. However, the 
root system of shrubs having never received 
fertilizers has the form of an inverted cone, 
sharply differing from the roots of fertilized 
plants which are mushroom-shaped. This con- 
centration of roots in the upper soil layer is 
unfavorable and must be eliminated by all 
possible means, including another method of 
application of fertilizers. 


The investigations conducted by us showed 
that the surface development of the root system 
is undesirable. The roots must develop through- 
out the depth of the cultivated soil layer in order 


to use it to the maximum, in particular, utilize 
the stored moisture in the soil. There is 

enough water in the lower soil layers even 
during dry periods, but this water is not readily 
available to the tea plant having a surface root 
system. If the roots of a tea plant would de- 
velop throughout the cultivated layer, then they 
would be able to use the water and nutrients from 
the lower soil layers during dry periods and 

give higher yields. 


To determine the influence on tea yield 
of the deep application of the important nutrient 
— phosphorus, we made special experiments 
on a 20-year old,’ non-fertilized tea plantation, 
plowed to the following depths: 1) 35-40 cm with 
the addition of phosphorus to the 0-35 cm layer; 
15 cm with the addition of phosphorus to the 0-15 
cm layer; and 35-40 cm with the addition of 
phosphorus to the 0-15 cm layer. 


Each experimental plot was supplied with: 
1000 kg P.O, per ha in the form of superphos- 
phate, which comprised an 8-10 year rate; potas- 
sium at a rate of 150 kg K,O per ha, applied to 
the same depth as the phosphorus; and nitrogen 
in the form of ammonium sulfate at an annual 
rate of 200 kg/ha, applied to a depth of 5-6 cm. 


The results of the experiments (Table 4) 
showed that when P,O, was applied to a depth of 
0-35 cm the soil remained well-supplied for 6 
years to a depth of 30 cm and deeper. 


The root system was studied in 1948, i.e, 
before the experiment was begun, and in 1958, 
5 years after the experiment was initiated. Three 


8The soil was cultivated in a space of 60 cm between 
the rows after the shrubs had been severely pruned. 


Table 4 


Content of phosphoric acid in the soil (P,O, soluble in citric acid) in relation to cultivation depth 
and application of phosphorous fertilizers (mg/kg of soil) 


Depth, cm veers 
Layers, 
Soil .JPhosphor-} cm 
cultiva- Jous appli- 1949 1950 | 1951 1952 1953 | 1954 
tion cation 
35—4 ois | 166,0 | 119,0 | 157.3 | 226,0 | 190,2 | 128,5 
Uh Mec) | eae bers abrnray tabla sb TREO Alecia) 0 r 
30-45 | 45.0 | 60,0 | 87.5 | 91,0 | 95,7 | 100,8 
900.0 | 4117,3 | 200,0 | 168,8 | 145,41 | 160,7 
9 aie jens BOOT lSN54.1. | 78s 3elce 607 mtb meTasAtm lamers 
30—45 47,0 | 31,4 60,5 56,2 Trace 
35—4 133,2 | 107,4 | 166,5 | 4127,8 | 122,7 | 109,5 
Cal ahcran |, Sica weezs celmiago.4 | 190/64) 6. 208; 4et| moB7e2muy m66,2 
| 3945 | 24.9| 65,2 | 90.2 | 94,0 Trace 


Note: Comma represents decimal point. 
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Table 5 


Distribution of the root system of tea in soil according 
to layers (in % of the total weight of roots) in relation 
to phosphorous application to various depths 


Before beginning o : 
Depth, cm the Sherine oe atte 
Boil cul- |Phosphor periment 
prac ae sears ee 1948 started 
tion cation 
35—40 0—35 0—10 30,4 37,0 
40—20 24,5 27,3 
20—30 23,0 31,4 
30—40 14,5 2,2 
40—50 4,9 1,1 
50—60 1,9 0,7 
| 99,7 100 
15 0-15 | 0-10 | 30,4 53,6 
40—20 23,9 27,7 
20—30 22,3 13,1 
30—4C 16 ,7 2,7 
40—50 4,8 2,4 
50—60 1,8 OF 
99,9 99,7 
35—40 QO—15 0—10 26,1 52,4 
140—20 37,0 18,3 
20—30 22,0 s Weer 
30—40 SPAS 9,1 
40—50 1,9 2,0 
30—60 1,0 0,4 
| | | 100 99,9 


Note: Comma represents decimal point. 


plants were taken from each plot for study. The 
results are given in Table 5. 


In 1948, i.e., before the experiment was 
initiated, the roots in all plots were similarly 
developed, namely: they were developing uni- 
formly in the upper 40 cm, while, below, the 
amount of roots decreased sharply. 


A study of the root system after phosphorus 
had been applied for 5 years showed first of all 
that the general root mass increased consider- 
ably where phosphorus was applied deep (in 
the layer from 0-35 cm), but their distribu- 
tion had hardly changed at all. Secondly, it 
was shown that the root mass moved into the 
upper layer of the soil where phosphorus was: 
applied at the surface to the layer from 0-15 
cm deep. 


The experimental plantation was established 
in 1929, The 20-year old shrubs have formed 
a root system which is not very responsive to 
change. The influence of the deep application 
of phosphorus was pronounced in this planta- 
tion, especially in the layer at a depth from 
20-30 cm. This layer contained 31.4% of the 
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roots, while the same soil layer in the other 
plots where phosphorus was applied to a depth 
of 15 cm contained only 13.1% and 17.7% of 

the roots. The effect of the deep application of 
phosphorus on the development of roots in the 
deeper layers of the soil probably would have 
been greater if we had conducted our experi- 
ment in a younger tea plantation, where the 
root system of the plants is not formed as in 
our experimental plot. From this it follows 
that the root system of tea develops normally into 
the deeper layers of red earth soil if these 
layers have a sufficient amount of nutrients. 

If, however, fertilizers are applied only to 

the upper layer, the roots system of a tea 
shrub will develop primarily in this layer. As 
was to be expected, the deep application of 
phosphorus had a positive effect on the yield of 
green tea leaves. 


If one should compare the first and third 
experimental treatments in which the soil was 
plowed to the same depth (40 cm), but the 
phosphorus was applied to different depths, Table 
6 shows that where phosphorus was applied 
deeply the yield in 1950 was considerably higher 
(2212 kg/ha) than where phosphorus was added 


——— 
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Table 6 


Yield of tea leaves in relation to depth of phosphorous application (average from 3 tests) 


Depth hat Former | 


1076,0 695,5 


1007 ,6 


cas Average 
Soil] Pre. Be PRS from 1950 
even applica ment (194 1953 | 1954 1956 
494,02 | 2212.0 2926,0 3738 ,0 4941 ,0 4596,0 | 3921,0 
93 119 104 122 109 422 416 
943 ,0 3616 304/ 
97 104 
3714 3400 
100 “100 ~ 


620,4 684,4 634,6 


ain ke/ha in the numerator; in % in the denominator. 


Note: In contrast to other years 1953 was characterized by an even monthly precipitation 
distribution, which was favorable to the normal growth of tea plants. 


Note: Comma represents decimal point. 


at the surface (1851 kg/ha), In 1950 the yield 
in the plot to which phosphorus was applied 
deeply was 19% higher than in the plot with 

a surface application of phosphorus. 


In the plots where phosphorus was applied 
to the same depth of 15 cm, while the soil was 
cultivated in one case to a depth of 15 cm and 
in the other case to 40 cm, the yield in 1950 
decreased to 20% because a large number of 
roots was damaged during the deep cultivation 
of the soil; this had a negative effect on the 
yield of green tea leaves. In the following 
years the yield increased generally and was 
better in the plot where phosphorus was applied 
deeply. The effectiveness of the deep applica- 
tion of phosphorus increased in dry years, for 
instance in 1952 and 1954 when there was little 
precipitation during the growing period. 


Thus the deep application of phosphorus 
caused an increase in the yield of green tea 
leaves, which reached in individual years up 
to 22% as compared with the plot where 
phosphorus was added to the surface layer. 


Prior to the experiment, the plot to which 
phosphorus was applied later deeply yielded, 
according to previous data, 7% less tea than the 
control plot. We therefore assume that the 
deep application of phosphorus resulted, during 
the 7 years the experiment lasted, not in an 
average 16% increase in yield, as shown in 
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Table 6, but in a 23% increase, if the previous 
data are taken into account. This increase in 
yield occurred because of the deeper and more 
uniform distribution of roots resulting both from 
the deepening of the root system and the uptake 
by the tea plants of phosphates and moisture from 
the deeper soil layers. 


At present it is difficult to accomplish the 
deep application of phosphoric acid fertilizers 
because of the lack of appropriate machines. 
However, such an application of fertilizers must 
be obligatory when establishing new tea planta- 
tions. 


The foregoing material was obtained for red 
earths, in which P,O, has a great effect on the 
development of the root system. This effect 
must be determined for other soils in which the 
fixation of P,O, is weaker. 


Conclusions 


1. The formation of a wide, well-foliated 
crown in tea plants, which shades not less than 
85% of the space between the rows, creates fav- 
orable conditions for the utilization of soil 
moisture. 


2. The development of the root system of a 
tea plant depends greatly on the depth of appli- 


M.K. DARASELIYA 


lower soil layers, which leads to a considerable 


cation of phosphorus and other nutrients. A 
this effect is stronger 


deeper application of phosphorus (to red earths) increase in yield, whereby 
promotes the deepening of the roots system of in dry years. 


the tea plant, and improves conditions for the 
utilization of moisture and phosphates in the Received June 14, 1960 
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NUTRIENT REGIME OF THICK CHERNOZEMS IN THE FOREST, 
THE STEPPE, AND IN A PLOWED FIELD 
IN THE KURSK RESERVATION AREA 


D.M. KHEYFETS, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


The purpose of our work is to find differ- 
ences in the nutrient regime of thick cherno- 
zems under the influence of various plant com- 
munities for the basis of applying fertilizers in 
this soil group. 


In studying the foregoing problem we took 
soil samples of virgin chernozem from the area 
of the Central Chernozem State Reservation in 
an uncut steppe, from the 'Dubrashin" forest 
(which we will call 'D" forest), the Petrin for- 
est ("P" forest), and from the old plowland of 
the former Petrin sovkhoz,+ located near the 
Petrin forest. The samples for greenhouse ex- 
periments were taken from the soil layer 0-20 
cm deep, while for the analytical work they 
were taken throughout the profile to a depth of 
130-140 cm. A short description of the soils 
which served as samples in our work is given 
by the soil scientist Afanas'yeva (1). 


1At the present time the Petrin sovkhoz is part of 
the area of the Kursk Oblast' experiment station. 


1. The soil from the ''Dubrashin" forest is 
a thick, fertile, fine clay loam chernozem on 
loess-like clay loam, slightly modified by the 
forest vegetation. The place from which the 
sample was taken was a small area surrounded 
by young oaks; the area was cleared of litter 
and of the upper 1.5 cm of soil. Effervesces 
from HCl at a depth of 125 cm, 


2. The soil from the uncut steppe is a thick, 
fertile, fine clay loam chernozem on loess-like 
clay loam. Effervesces from HC] at a depth of 
110 cm. 


3. The plowed soil (clover field) is a thick, 
fine clay loam, leached chernozem. Old plowed 
farmers' land. Effervesces from HCl ata 
depth of 125 cm. 


4. The soil from the Petrin forest is a thick, 
fine clay loam chernozem. Effervesces from a 
depth of 120 cm. (Alongside the sovkhov. ) It is 


Table 1 


Humus, nitrogen, and potassium content in the thick chernozem of the 
Kursk Reservation area, % absolutely-dry soil 


Place samples were taken 


"P" [PlowedjSteppe | ''D" "P" [Plowed 
| forest fores forest forest 


Humus Total nitrogen Exchangeable potassium® 

0O—10 | 9,1) 9,2 | 9,0 | 6,6 |0,443) 0,510 0,406 |0,0179)0, 0210/0, 0204/0, 0166 
20—30 | 6,1 | 5,4 | 6,8 | 5,7 |0,285) 0,320 0,293; — 
40—50 | 4,6 | 3,7 | 6,4 | 5,2 |0,229)0,192 0,244; — 
60—70 | 3,3 | 2,5 | 4,5 | 4,2 |0,195) 0,161 0,169; — 
80—90 | 2,2 | 2,0 | 2,1 | 3,3 |0,140) 0,102 0,181; — 
100—110) 2,3 | 1,5 | 1,8 | 2,6 0,077) 0,096 0,102) — 
130—140) 0,7 | 1,0 | 1,2 - — |0,064 0,091; — 


4The data are given in % of KyO in the layer from 0-20 cm. 


Note: comma denotes decimal point. 
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Table 2 


Total phosphorous content in the thick chernozem 
of the Kursk Reservation area 


Place where samples were taken 


"D" forest "P" forest | Plowed 


Note: comma denotes decimal point. 


Table 3 


Content of soluble phosphates in thick chernozem 
(according to data obtained by various methods). 
P50, in mg/100 g of soil 


Method of extraction 
Depth, c Kirsanov | Truog | Chirikov 
Place samples were taken 


Steppe |D'torest | Steppe ["Dvtorest | Steppe ["D" forest Steppe | Plowed 


0—10 44 7 40 7 12 6 9 7 
20—30 44 7 9 8 8 5 6 7 
40—50 40 42 9 40 7 7 — 7 
60—70 44 44 42 13 9 9 6 9 
80—90 45 47 45 46 8 9 9 9 

400—110| 46 = 45 a 8 — 10 9 
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sles a se - 


ieee = ee 


1, - Influence of fertilizers on th 
under various agricultural uses. 


Soil: A - uncut steppe; B - "'D” forest; € - plowland under cover; D - ''P!! forest. 
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surrounded by young oaks, blackthorn under - 
brush, false hellebore, bitter peavine, and bed- 
straw. 


Tables 1-3 give certain data characterizing 
these soils. 


The soil from the "'D" forest in contrast to 
the soil from the uncut steppe, and the soilfrom 
the 'P"' forest in contrast to the plowed soil, 
are characterized by a higher nitrogen and 
humus content in the upper layers, while in the 
lower layers (from 20-30 cm to 80-90 cm) they 
are distinguished by a lower nitrogen and humus 
content (Table 1). The forest soils also have a 
higher exchangeable potassium content in the 


plowed layer than do the steppe and plowed soils. 


The results of analyses of the content of total 
phosphorus and phosphorus soluble in weak acids 
in the soil are given in Tables 2 and 3. The re- 
sults show that: 1) the total phosphorous content 
along the soil profile to a depth of about 1 m is 
higher in the forest soils than in the steppe and 
field soils, but the phosphates in them are less 
soluble in weakly acid extracts; and 2) the con- 
tent of phosphorus soluble in weak acids in- 
creases with depth. This once more confirms 
the fact that the methods of determining avail- 
able phosphates, developed for the plowed soil 
layers, are unsuitable for determining the forms 
of phosphorus available to plants along the soil 
profile; at a great depth those forms of phos- 
phates enter fo the solution which are unavail- 
able to plants.“ (See next page for footnote). 


Table 4 


Influence of fertilizers on plant development on thick 
chernozem under various uses. Results of 
pot experiments, per pot 


Place soils were taken 


Experimental setup Crop = : 
Steppe |"D" | same otresftore| lowed Plowed 
| ee ee ee 

Without fertilizers Corn 3,4 16,7 ied) 7,4 
Addition of N 14,3 40,8 16,5 14,6 
P 9,0 18,9 10,5 10,4 

x K oul 17,7 9,5 8,8 
NP 53,9 €9,2 61,0 90,9 

if PK 9,4 17,0 9,5 10,6, 

i: NK 10,7 Owe shal 16,0 
NPK. 61,3 71,0 64,8 71,2 

+ My gi 153. 2,6 ee Se ee 

Without fertilizers Spring wheat 6, | ________ 15,8 9,3 eS 
2,2 5,9 3,4 250 

Addition of NP 23,5 32,4 27,5 16,3 
7,9 9,6 7,9 aye 

m2 PK 12,3 18,4 14,2 11,0 
3,6 6,2 4,7 Bie, 

" NK 8,3 21,8 42,4 9,8 
2,0 7,8 4,4 3,1 

NPK 35,7 38,0 36,1 30,9 

10,5 Ado 11,6 8,9 

ey 9,46 | 1,0 0,62 0,33 

: 0,67 0,¢5 0,39 0,16 

J 4 ’ i) 


‘The numerator gives the total weight of dry spring wheat; the denominator gives the weight 


of grain. 


Note: comma denotes decimal point, 
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Table 5 


Influence of individual nutrients on plant development on thick 


chernozems. 


Increments due 
to fertilizers 


Experimental 
crop 


Corn 
Spring wheat 

against a backer. of NK} Corn 
" " ‘| Spring wheat 

K against a backgr. of NP] Corn 
‘ Spring wheat 


against a backer. of PK 


ii) vey 


The data are in relative values 


Place soils were taken 


‘The weight of corn plants or the weight of wheat grains obtained against the corresponding 


background is taken as 100 


Table 6 


Phosphorous content and accumulation in plants on thick chernozem 


under various uses, 


The results of pot experiments 


are in percent of dry matter, mg per pot 


Place where samples 
were taken 


Steppe 
"D" forest 
"P'' forest 


Plowed 


Note: comma denotes decimal point. 


The foregoing fact of the increase of the total 
phosphorus, nitrogen, and humus content in the 
soil also has been observed by Akhtyrtsev (2) in 
oak plantations (80 years old) in the area of 
Shipov forest. On the basis of data in Table 3 
one could have assumed that the forest soil is 
poorer in phosphates available to plants and 
that the additional application of phosphorus with 
the fertilizers would give a greater effect than 
on steppe and plowland soil. Such an assumption 


could have been verified only by pot experiments. 


In order to do this we made 2 pot experiments on 
samples taken from the plowed layer of the soils 
described earlier. 


When the pot experiments were started, the 
moisture of the soil from the clover field was 
17%, while that of the remaining 3 soils was 
about 20% of the weight of the soil. Pots 15 x 20 
cm in size and of a capacity of about 3.5 kg of 
soil were used in the experiment. 


2The reduction of the availability of phosphates 
from the deeper soil layers to plants as compared to 
the plowed layer was demonstrated by Ganzha (5), 
and Kheyfets (7) 
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. Spring wheat 
P,O, 8 % 


P 90s in the 
straw rain and straw, 
mg per pot 


The fertilizers added were: N in the form of 
ammonium nitrate at a rate of 0.95 g per pot 
under corn and 0.4 g under spring wheat; K,O in 
the form of potassium sulfate at a rate of 0.4 g 
per pot under corn and 0.5 g under spring wheat; 
and P,O, in the form of monocalcium phosphate 
at a rate of 0.75 g per pot under corn and 0.75 g 
under spring wheat. 


The spring wheat was sown on May 19 and 
harvested on August 23 when it was completely 
mature. The corn was sown on May 27 and har- 
vested on August 15 when it was in the tasseling 
stage. Table 4 gives average data on the weight 
of the dried plants, and also the weight of the 
grain for spring wheat under all treatments. For 
the sake of convenience, Table 5 gives the rela- 
tive weight increments of dry corn plants and the 
weight of spring wheat grain resulting from the 
application of individual plant nutrients against 
a background of two other fertilizer components. 


The data show (Table 4) that the fertility of 
the thick chernozems in the Kursk Oblast’, - 
studied on soil samples taken from the Kursk 
reservation and the adjoining solkhoz, is 
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Table 7 


Amount of phosphorus in the uncut steppe 
and forest soils 


P.O, in metric tons ha in the up- 


Place where per 1 m of soil 


samples 
were 
taken 


organic inorganic 


total 
compounds 


Uncut steppe} 13.1 6.1 
["D" forest 16.3 920" 


characterized by somewhat different indices 
when different plant communities develop on 
these soils. 


Thus both corn and spring wheat developed 
almost two and one-half times better on the soil 
from the ''D" forest without fertilizers than on 
the soil of the uncut steppe. On the soil from 
the ''P"' forest, as well as on the plowed soil 
from the Petrin sovkhoz, the plants developed 
without fertilizers almost in the same way as 
on the soil of the uncut steppe. 


On all 4 soils corn developed as weakly with- 
out the addition of nitrogen fertilizers (when PK 
was applied, see Table 4) as it did on non- 
fertilized soils, while spring wheat did show an 
increment in yield, but this increment was in- 
significant as is usually the case in pot experi- 
ments. It must be noted that the yield incre- 
ments of both crops from nitrogen fertilizers 
were almost two times smaller on the soil from 
the ''D" forest than on the other soils, which 
points to the higher content of available nitro- 
gen in this soil as compared to the other three. 


The addition of nitrogen fertilizers only re- 
sulted in a considerable increase in the vege- 
table mass of corn on the same soil from the 
"D" forest, while on the three remaining soils 
it was necessary to apply nitrogen and phos- 
phorous fertilizers simultaneously in order for 
the plants to develop normally (Table 4). This 
fact, together with the considerably smaller 
yield increment from the application of phos- 
phates on this soil, as compared to the yield 
increments of both crops on the remaining soils 
(for increments from 'P"', see Table 5), in- 
dicates that the first soil has a considerably 
larger content of available forms of phosphates 
than do the other three soils, which clearly show 
a deficiency in available phosphates. Forest 
vegetation apparently promotes the transforma- 
tion of soil phosphorus into more readily avail- 
OF forms, as was mentioned by Akhtyrtsev 


N.I. Bolotina (3) concluded, on the basis of 
field experiments made by her on the same uncut 
steppe, that the soil had the necessary supply of 
phosphates for a crop of herbaceous vegetation. 
The differences in the results can be explained 
for the most part by the different phosphorous 
requirements of grain and herbaceous plants; 
moreover a complete biological phosphorous 
cycle takes place in field experiments in the un- 
cut steppe and it is difficult to expect a reaction 
of steppe vegetation to phosphates. The greater 
availability of phosphates in forest soils as com- 
pared to steppe and plowed soils in the area of 
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the Kursk reservation was also noted by Kolgo- 
polova (6) on the basis of pot experiments and by 
Verigina (4) on the basis of analytical investiga- 
tions. 


The application of potassium fertilizers 
against a background of nitrogen and phosphorous 
fertilizers produced a considerable effect only 
in the plowed soil of the Petrin sovkhoz (Tables 
4 and 5), which is associated with the long-term 
use of this soil (old plowed farmers' land) without 
fertilizers. 


It must be noted that the effectiveness of fer- 
tilizers on the soils studied was about the same 
both in the experiment with corn and in the experi- 
ment with spring wheat (Tables 4 and 5). Figure 
1 illustrates well the quantitative data obtained in 
the experiment with corn. 


To verify the assumption made on the basis 
of yield data on the differential supply of avail- 
able phosphates in the soils under various agri- 
cultural uses, corn plants as well as the spring 
wheat grain and straw (from fertilized pots 
were analyzed for their content in phosphorus 
(Table 6). 


The results of the analysis (Table 6) as well 
as the yield data point to the considerably greater 
uptake of phosphorus by plants from the soil in 
the 'D" forest than from the steppe soil (these 
soils are close to each other) and to the same 
tendency with respect to plants developing on the 
second soil from the ''P"' forest as compared to 
the plants in the experiment on plowed soil. 


The data (Table 7) for the contents of total 
phosphorus as well as the phosphorus of organic 
and inorganic compounds in the upper 1 m of the 
soil and their comparison with the data on the 
development of plants on the same soils (Table 
4) confirm the existing opinion that plants utilize 
first the phosphates from inorganic soil com- 
pounds and not those of organic compounds, the 
content of which is the same in the two soils com- 
pared. 


Conclusions 


1. The thick chernozems of the area of the 
Kursk reservation differ in their content of 
available phosphorus and potassium and, con- 
sequently, also in the effectiveness of the fer- 
tilizers applied. 


2. The soils best supplied in nutrients 
proved to be the forest soils because of their 
higher content of total phosphorus and potassium 
as well as their forms available to plants, as 
may be judged by the reaction of plants develop- 
ing on them to the fertilizers applied. 


3. Similar soil (thick chernozem) from an 
uncut steppe, located a short distance from soil 
of the "D" forest, is considerably less supplied 
with phosphorus (and potassium) than the first 
soil and, consequently, may require phosphorous 
fertilizers after it is plowed for the normal de- 
velopment of agricultural plants on it. 


_ 4. The considerable deficiency of potassium 
in the plowed soil, which has been noted in the 
experiments and which is not characteristic for 


NUTRIENT REGIME OF THICK CHERNOZEMS 


thick chernozems, apparently is due to the long- 
term use of this soil (old plowed farmers’ land 
under sugar beet without the application of 
fertilizers. 
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CHARACTERISTICS OF THE AGGREGATION OF SOILS 


IN THE SOUTHEAST 


A. I. SKREPINSKTY, Saratov Agricultural Institute 


The problem of the structure formation of 
soils is a basic one in agriculture; it is closely 
related to the means of increasing the fertility 
of soils. 


In the opinion of V.R. Vil'yams, the forma- 
tion of soil aggregates during the meadow stage 
of soil development takes place under the in- 
fluence of the roots of perennial grasses. Obser- 
vations show that the root systems of perennial 
grasses have their characteristic distribution in 
the soil. Proceeding from this, we hoped to 
determine to what degree the characteristic dis- 
tribution of perennial grass roots affects the 
nature of the formation of water-stable aggre- 
gates. We proposed to establish the best struc- 
ture formers for the irrigated dark-chestnut 
soils of the Southeast. Experimental sowings of 
mixed grasses consisting of perennial grasses 
on an irrigated plot of dark-chestnut clay loam 
soils were used. Experiments took place at the 
Saratov Agricultural Institute's uchkhoz, located 
near the city of Engels. The grass yields from 
these sowings, when irrigated twice, varied 
from year to year from 60-80 centner of hay in 
two cuttings per hectare. 


The soil samples were taken in September- 
October from a depth of 0-20 cm; the neighbor- 
ing plots without grasses served as controls. 
The samples were analyzed in an air-dry state. 
The content of stable aggregates was determined 
by the Savvinova method, according to the pro- 
cedure used at the V. V. Dokuchayev Soil Insti- 
tute, Academy of Sciences, USSR. 


The investigations did not give the expected 
results: there was no difference in the composi- 
tion of aggregates in soil samples taken from 
under various grasses. On the contrary, the 
aggregates were characteristically similar and 
of a small size. An increase in the number of 
aggregates always occurred at the expense of 
small fractions (3.0.5 mm in diameter). In 
order to determine whether this tendency re- 
mains the same under different conditions, we 
analyzed samples taken at other points in an 
old tig years) Agropyron stand in a dry-farming 
area of the same uchkhoz. We used as controls 
samples taken from a neighboring barley sowing 
on old plowland. In addition, samples from under 
a 4-year old brome grass stand and spring wheat 
on old plowland in the Krasavskiy sovkhoz, 
Krasavskiy rayon, were also analyzed. The 
soil was an ordinary clay loam chernozem. 
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The results of the analyses are presented in 
Table 1. The degree of aggregation was calcu- 
lated from the difference between the number 
of aggregates in the abandoned land and in the 
old plowland. 


Table 1 shows that large fractions (>3 mm 
in diameter) do not participate in aggregation, 
or participate to an insignificant degree. An 
even lesser role is played by medium fractions 
(3-2 mm in diameter). In contrast to this, 
small fractions (2-0.5 mm in diameter) play an 
essential role in structure formation; at the 
same time the number of the smallest aggre- 
gates (0.5-0.25 mm in diameter) usually de- 
creases as aggregation increases. This pattern 
is followed both in pure sowings and in mixed 
grasses, under irrigation and in dry-farming 
areas, and in dark-chestnut soils and in cher- 
nozems. 


A similar aggregation process is also ob- 
served in other regions of Saratov Oblast'. In 
order to give a more complete picture of the 
dynamics of this process, Table 2 includes the 
summarized results of aggregate analyses for 
the dark-chestnut soil of the irrigated plot 
with 3-year old smooth brome grass in the 
uchkhoz of the Saratov Agricultural Institute. 


It can be seen from Table 2 that the dynamics 
of aggregation of dark-chestnut soil under the 
influence of the root system of smooth brome 
grass follows the same pattern as shown by data 
in Table 1: the number of stable aggregated 
soils increases from year to year primarily in 
the fractions 2-0.5 mm in diameter. The same 
picture is observed under meadow fescue. 


This type of aggregation does not agree with 
the views of V.R. Vil'yams on the role of peren- 
nial grasses in the formation of stable aggregates. 
Therefore we decided to compare the results of 
our investigations with similar data obtained in 
another zone. We used the material collected 
in 1933 by the brigade of the Moscow soil-re- 
search station under the leadership of V. R. 
Vil'yams (8). The tasks of the brigade included 
the determination of the effect of perennial 
grasses on the structure of the typical soil 
varieties in Moscow Oblast'. Fields with 
perennial grasses (primarily clover with tim- 
othy) were selected in various farms; old plow- 
lands were used as controls. The method of an- 
alysis was similar to ours. Table 3 gives 
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Table 1 
Nature of the aggregation of soils in Saratov Oblast' 


Number of aggregates, % of Sr iiane of aggregates, 
1 


air-dry sample Agere| % of total aggregation 
Sample e Aggregate diameters, mm “yom Aggregate diameters, mm 


Total Sey poate 


Uchkhoz of the Agricultural Institute. Dark-chestnut soil under irrigation 
Alfalfa-Agropyron| 
955 


1953-1 Oye) |) Osa Wt Anse | BAG | Spe) | Byori eh 943 27 
Old plowland, 

1955 Orie |) 60-68 230701623,9 1 aeea 

Sees ee 

953-1955 96 
oldion 0,3 | 0,7 | 38,1 | 20,9 | 60,0 | 44,7] 2 4 | 4123 26 
1955 0,4 | 0,6 | 23,7 | 23,9 | 48,3 

Alfalfa-brome 

grass, 1953-1955) 4,0 | 4,6 | 34,5 | 16,8 | 53,9] 5,6| 16 | 18 | 193 | —-127 
Old plowland, 

1955 Os | Os@ || B37 | PO || 458 

Sainfoin-brome 

grass, 1953-1955) 2,2 | 1,7 | 32,6] 17,9| 54,4] 6,41 34 | 418 | 146 | —98 
Old plowland, 

1955 0,4 | 0,6} 23,7 | 23,9 | 48,3 

Sainfoin-fescue, 

1953-1955 0-4) (© O87 3058:| 25.00| ooroel Tee 4 99 yh 
Old plowland, 

1955 0,4 | 0,6 | 23,7 | 23,9 | 48,3 


Fescue, 1951- 


1955 O60) 1,2) ret tet 56.01 7.7 10 6 Sel 4740-38 
Old plowland, x 

1955 0,4 | 0,6 | 23,7 | 23,9 | 48,3 

Brome grass, 

1951-1955 2,8 | 3,0 | 42,6 | 14,4 | 62,8 | 14,5| 19 | 16 | 130 | —65 
Old plowland, 

1955 0,1 | 0,6 | 23,7 | 23,9 | 48,3 

Alfalfa-brome 

grass, 1953-1956) 9 4 | 0,3 | 31,2 | 23,7| 55,3] 6,2] O 4) 131 | Baeazet 
Old plowland, 

1955 Oxi 10,29 ele tale2d et) | 49,4 

Alfalfa-Agropy- 

ron, 1953-1956 | 94 | 0,4 | 30,4 | 22,9] 53,5] 4,4] 0 5 | 159 | —64 
Old plowland, 

1955 0,4 | 0,2 | 23,4 | 25,7 | 49,4 


Average under irrigation | 9,5 | 6,6 |136,8| —52,9 
Uchkhoz of the Agricultural Institute. Dark-chestnut soil in dry-farming area 
Agropyron, 1938- 

1956 


4,9 | 1,5 | 26,7 | 13,0 | 43,4 | 16,5 [10,9] ‘7,3 101,8} —20,0 


Rye on old plow- 
land, 1956 Oi) || Ge 9,9 | 16,3 | 26,6 


Krasavskiy sovkhoz. Ordinary chernozem 


Brome grass, 


1951-1954 ecm leie7 39,5 | 16,2 59,0| 5,4 | 24,6 | 13,7 | 172,5|—107,8 
Spring wheat on 
inca 0,5 | 1,0] 30,7 | 24,7 | 53,9 


Average | 14,0 | 9,2 | 137,0] —60,2| 


aThe minus sign indicates a decrease in the amount of the fraction. 


Note: Comma represents decimal point. 
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Table 


2 


Change in the soil structure under smooth brome grass 
(amount of water-stable aggregates, in % of sample) 


Years in 


Aggregate diameters, mm 


Note: Comma- represents decimal point. 


Table 3 


Nature of the aggregation of soils in Moscow Oblast' 


Number of aggregates, 
air-dry sample 


Sample 


Aggregate diameter, mm 


=3) | 3-2 Es | SER Total 
Sod-podzolic sail 

3-year old grasses | 19,9 |] 2,8 | 25,3 | 11,0 | 59,0] 22,5 | Be |) Tab! | a 
Old plowland | 5,2] 41,2 | 14,5 | 15,6 | 36,5 
Gray forest soils 

3-year old grasses | 27,9 | 4,7 | 11,8] 8,8 | 53,2] 31,7 | eH 8,5 ya | 2,2 

Old plowland | 6,6 | 2,0 4,8 | 8,1 | 21,5 | 
Thick chernozem 

Abandoned land 45,0 | 7,6 | 24,4] 6,4 | 83,4 | 25,9 |iameae 41,4 [aoe —i9,6 
Old plowland | 9,3 | 4,7 | 32,5 | 11,4 | 57,6 

Average | 90,8 | 9,0 | 42,8 | 42,6 


% of Increment of aggregates, % 


of total aggregation 


Aggregate diameter, mm 


Note: Comma represents decimal point. 


selected data from this material, arranged in 
the same order as in Table 1. 


Table 3 shows that the aggregation of soils 
in Moscow Oblast’ has a different character: 
a leading role in aggregation is played by large 
fractions (>3 mm in diameter), while small 
fractions (2-0.5 mm in diameter) play a less 
important role in this process. The content of 
the smallest fraction (0.5-0.25 mm in diameter) 
decreases as aggregation proceeds, but not to 
such a degree as in the soils of Saratov Oblast’, 
and medium-size fractions (3-2 mm in diameter) 
participate little in aggregation. 


To be able to compare the difference in the 
nature of aggregation in the Saratov and Moscow 
Oblast', Table 4 gives the average indices of 
the participation of fractions of various diameters 
in aggregation, in conformity with Tables 1 and2. 


Table 4 shows that in the steppe zone of the 
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Southeast, aggregation takes place primarily in 
small fractions (2-0.5 mm in diameter), while 
in the forest- meadow zone it takes place in the 
large fractions (>3 mm in diameter). In both 
zones medium-sized fractions (3-2 mm in 
diameter) participate little in aggregation. 


The foregoing data lead to the conclusion that 
there are three types of biological aggregation in 
nature: the root, rhizospheric, and intestinal 
(author's terminology). 


In the root type of aggregation the plant roots 
take a direct part in aggregate formation. Dur- 
ing their growth they compress the soil particles 
into small blocks > 3 mm in diameter, which then 
become cemented as a result of the activity of 
microorganisms developing at the expense of dy- 
ing roots. This type of aggregation has been 
fully described by Kostychev and Vil'yams (2, 4). 


As Kostychev writes, parts of the sod layer 


SOIL AGGREGATION 


Table 4 


Nature of aggregation according to zones 


(increment of aggregates, in % of total 


aggregation) 


Southeast steppe 14 9 
Forest-meadow 91 9 


Aggregate diameter, mm 


>3 | 3—2 | 2—0,5 


0,5—0,25 | Total 


Braet 
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13 


—60 
—13 


100 
100 


Note: Comma represents decimal point. 


"consist only of small aggregates usually of a 
size varying from that of a lentil to that of 
large peas. '' Here he stresses the large size 
of the aggregates which form in abandoned land. 


V.R. Vil'tyams describes the process of 
aggregation thus: ''As loosely bunch grasses 
develop, their roots develop more and more 
frequently along small old root channels... 

The pressure on the walls of the channel, 

which is created by the thickening roots during 
their growth, increases as new roots develop, 
since the channels become inevitably more 

and more filled with dead organic residue. 
Finally, the soil between the roots reaches its 
maximum compaction and the whole mass of the 
soil begins to crack under the smallest pressure 
along surfaces of least resistance, the location 
of which is determined by the endless number of 
intersecting root channels, "' 


The rhizospheric type of aggregation takes 
place in the rhizosphere as a result of micro- 
biological processes taking place in it. Small 
aggregates (2-0.5 mm in diameter) form during 
such aggregation. 


The great importance of the rhizosphere in 
aggregation was noted by Mushustin (6). On the 
basis of his own investigations he concludes that 
",,. root residues play a noticeably smaller 
role in structure formation than do live roots 
and the microflora surrounding them." 


Gel'tser (3) came to similar conclusions as 
a result of her lysimeter experiments. She 
maintains that a large part of active humus in 
the soil is accumulated by rhizospheric bacteria 
during the life of perennial grasses. 


During aggregation of the intestinal type, 
aggregates form in the intestinal tract of 
certain burrowing animals. This type of ag- 
gregation is described by Darwin in his 
classical work on earthworms (4). Such aggre- 
gation may be observed in the piedmont areas 
of the Caucasus, in the vicinity of Kislovodsk. 
There the soils of mountain meadows, which 
have an ideal structure, are densely riddled by 
the passages of earthworms. Observations 
in recent years show that the coprolite of earth- 
worms is very stable and is sometimes found 
in great amounts in the forest-meadow zone. 


All three types of aggregation take place 


simultaneously, but one or the other type pre- 
dominates, depending on the combination of soil 
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formation factors in individual regions. This 
leaves an impression on the form and size of the 
aggregates, in particular in the southeastern 
steppe and forest-meadow zones. 


The question arises: why do large aggregates 
(>3 mm indiameter) form during the root type 
of aggregation and small aggregates (2-0.5 mm 
in diameter) during the rhizospheric type of 
aggregation, while the number of medium-sized 
aggregates (3-2 mm in diameter) does not 
change? 


During the root type of aggregation, the size 
of the aggregates is determined by root passages. 
Consequently, the distance between the roots 
(we callit conditionally the "root network") 
must determine the size of the aggregates: the 
more dense this network, the finer the aggre- 
gates will be. 


During rhizospheric aggregation the aggregates 
are not being compacted by the roots. They form 
in the rhizosphere and therefore their size must 
somehow reflect the diameter of the zone of 
propagation of root hairs. 


Proceeding from these assumptions, we con- 
ducted investigations in this direction. We 
measured the interstices of the root networks 
of certain plants. The size of the interstices 
was determined by the distance between neigh- 
boring roots on herbarium material. The 
values obtained were doubled under the assump- 
tion that two neighboring roots in the soil usually 
separate in different directions. Table 5 gives 
the results of such measurements. 


Table 5 
Characteristics of the root network, % 


amount of spaces by 
fractions 


Space size, mm 


Agropyronz¢é 
‘Ai cal 


Brome grass" 


A.Il. SKREPINSKIY 


The data in Table 5 show that the majority 
of the interstices were >3 mm; there were no 
interstices of < 1mm. Consequently, the 
root networks of the plants could only form 
aggregates > 2-3 mm in diameter, since the 
soil in this case fissured along the root tubes. 


The results of measurements of the rhizo- 
sphere of certain perennial grasses are pre- 
sented in Table 6, which shows that the di- 
ameter of the zones of the propagation of root 
hairs (rhizosphere) for various perennial grasses 
varies from 0.6-2.8 mm, and is generally 1.5- 
2mm. With the rhizospheric type of aggrega- 
tion, aggregates of this size must form. 


An indirect confirmation of our correct con- 
clusions on the presence in nature of a root and 
rhizospheric type of aggregation is the fact 
that aggregates 3-2 mm in diameter play an 
insignificant role in aggregation, both in the 
steppe and in the forest-meadow zones. If 
the increase in the quantity of aggregates during 
aggregation is represented graphically according 
to fractions in sod-podzolic soil (Fig. 1), then 
two peaks in the curve would be clearly seen: 
the quantity of aggregates >3 mm in diameter 
and from 2-0.5 mm in diameter increases, 
while the quantity of aggregates 3-2 mm in 
diameter does not change significantly. A 
"saddle'' appears on the curve. This decrease 
is less noticeable in the soils of the Southeast 
because the large aggregates (> 3 mm in diameter) 
in this zone participate little in aggregation. 


We attribute the small role played by medium- 
size aggregates (3-2 mm in diameter) in aggre- 
gation to the fact that they cannot form in the 
interstices of the root network, because they 
are too small, while for rhizospheric aggrega- 
tion they are too large, larger than the diameter 
of the zone of propagation of root hairs. 


Consequently, the preliminary investigations 
of root networks and rhizospheres of certain 
plants confirm the correctness of our assump- 
tion of the existence of three different types of 
aggregation in nature. 


On the basis of the foregoing we conclude that 
the aggregation of soils under the influence of 
grass vegetation in the Southeast is achieved by 
rhizospheric aggregation. This process takes 
place in the propagation zone of root hairs 
during the life activity of the root system in the 
growing period. Therefore there should be no 
difference between soil aggregation under per- 
eee grasses and annual crops in the South- 
east. 


This is actually confirmed by our investiga- 
tions in the "Iskra Il'icha" kolkhoz on ordinary, 
medium clay loam chernozem in the Vol'sk 
rayon. 


Soil samples taken from under winter rye, 
sown over soil deeply plowed without a mold- 
board, showed a considerable increase of stable 
aggregates during its growing season. This 
rye yielded 11.4 cntr/ha in 1956, as weighed in 
hoppers. 


_ Table 7 shows the results of aggregate analy- 
sis at two periods: during the flowering stage, 
and in autumn after the stubble had been disced. 
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It shows the content of stable aggregates in per- 
cent of air-dry sample according to fractions 
in the main root zone (15-20 cm). 


It can be seen from Table 7 that aggregation 
under winter rye occurred in the small aggre- 
gates (2-0.5 mm in diameter). The quantity of 
large aggregates (>3 mm in diameter) did not 
change and generally there was very little of 
these aggregates. Consequently, in this case 
aggregation was also of the rhizospheric type, 
which was even more pronounced than under 
perennial grasses, This verifies our conclu- 
sion on the absence of a qualitative difference in 
the role of annual crops and perennial grasses in 
the aggregation of soils in the Southeast. 


Table 6 


Characteristics of the rhizosphere 


Diameter of rhizosphere, 
mm 


Average Deviations 


Brome grass No. 1 4,8 1,2—2,8 

! tt Kt) 4,9 4,7—2,1 
Creeping quack gr vii 4,7—2,8 
Sainfoin 4,6 —i,8 
Alfalfa 8 0,6—1,0 


Note: Comma represents decimal point. 


Ye 
2% / 
vy 
i 
>J 2 ! QS = 25. 0m 
Fig. 1. - Nature of the aggregation 


of sod-podzolic soil from Moscow 
Oblast! (quantity of aggregates by 
fractions, %) 
| - abandoned land; 2 - old plowland. 


Conclusions 


1. There are three types of biological aggre- 
gation processes in soils: the root, rhizospher- 
ic, and intestinal types. 


In the root type of aggregation, the roots 
take a direct part in the formation of aggregates 
>3 mm in diameter. 


The rhizospheric type of aggregation takes 
place in the rhizosphere, whereby aggregates 
2-0.5 mm in diameter form. 


In the intestinal type of aggregation the 
aggregates form in the intestinal tracts of cer- 
tain burrowing animals. 


SOIL AGGREGATION 


Table 7 


Nature of aggregation under winter rye, quantity of aggregates, % 


June, 1956 
October, 1956 


Increment 


ES, 


Fractions, mm 


0,5—0,25 Total 


Note: Comma represents decimal point. 


All three types of aggregation take place 
Simultaneously, but one of the types may pre- 
dominate over the others, depending on the 
combination of soil-formation factors. 


2. In the Southeast soil aggregates form pri- 
marily by rhizospheric aggregation, which 
leaves an impression on the time and rate of 
aggregation, and the shape and sizes of the 
forming aggregates, 


3. With the rhizospheric type of aggregation 
there is no qualitative difference between peren- 
nial grasses and annual row crops as structure- 
forming agents. Therefore the soil in the South- 
east can be aggregated both under fallow row- 
crop rotation and under a grass-arable system 
under proper agricultural practices. 
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WATER REGIME OF ORDINARY CHERNOZEMS 


IN THE KAMENNAYA STEPPE 


I. P. SUKHAREV, Kursk Agricultural Institute 


The water regime of the soil in the steppe 
zone of the southeastern part of the Central 
Chernozem Belt is rather unusual. Crop yields 
vary sharply from year to year depending on 
the moisture content of the soil in spring and 
the amount of atmospheric precipitation 
during the growing period. Droughts are very 
frequent and greatly reduce the yield of agricul- 
tural crops. In the last 15 years the drought 
years were: 1946, 1954, 1957, and 1959. The 
water regime of the soil in spring and during 
the entire growing period is favorable in individ- 
ual years. In the last 10 years such years 
were; 1949, 1952, 1955, and 1958. Let us 
describe the characteristics of the water re- 
gime of ordinary chernozem in the Kammen- 
aya Steppe (southeast, Voronezh Oblast") ac- 
cording to our investigations made in the fields 
of the Dokuchayev Agricultural Institute of the 
Central Chernozem Belt from 1949-1958, using 
the data on soil moisture collected by the meteor- 
ological station of the Kamennaya Steppe and 
those given in the works of Burnatskiy and 
Suchalkina (5, 6). 


The soil in the area where moisture observa- 
tions were made is rather uniform and is rep- 
resented by ordinary chernozem having a humus 
horizon 0.5-0.6 m thick.+ The field moisture 
capacity of the upper 1 m of the soil is 370 mm, 
and the content of bound moisture (wilting mois- 
ture) is 134 mm, 


Seasonal Fluctuations of Soil Moisture 


Soil moisture is in constant motion under the 
influence of capillary and gravitational forces, 
of the temperature of various soil layers and 
of the air at the soil surface (8, 16, 20). The 
recharge of soil moisture occurs in the autumn 
and winter from rains and during snow melting 
in spring. Moisture is lost from the soil 
during the period of the intense development 
and water consumption of agricultural crops 
in May, June, July, and August. 


P. A. Kostychev (13) mentioned the great 
role played by autumn precipitation in the for- 


1A detailed description of the soil in Kamennaya 
Steppe is given in the works of Antipov-Karatayev 
and Kader (3) and Nikanorova (14) 
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mation of the water regime of the soil: he 
wrote ',..a year for the chernozem region 
may be divided in two halves; during one half 
the chernozem accumulates moisture and during 
the other half it gradually dries out. '' Under 
the conditions of the southeastern part of the 
Central Chernozem Belt the first period begins 
in September and ends in April of the following 
year. From May to July-August soil moisture 
is being lost intensely. Figure 1 shows curves 
of the change in the moisture content of the 
upper 1 m of soil in fields under spring and 
winter wheat located in the steppe, and also 

in a fallow field during the hydrological year 
from October to September of the following 
year. These curves were constructed on the 
basis of average data for 14 years (1944-1957). 


Figure 1 shows that the amount of soil mois- 
ture increases considerably from December to 
January. It is small in January-February and 
increases sharply again during the snow-melting 
period in spring. The largest moisture content 
in spring and winter wheat fields is observed in 
April; during the following months (May, June, 
and July) it is lost intensely from plant trans- 
piration and evaporation from the soil surface. 
In July the soil moisture in these fields reaches 
a minimum; then, beginning in August (after the 
harvest), the moisture content is being gradually 
restored, 


Moisture accumulates in black fallow almost 
in the same way as it does under spring and 
winter wheat, but its consumption in May, June, 
and July is less than in fields under crops. 
There is on the average 70 mm more moisture 
in black fallow in August than in fields having 
been under agricultural crops. 


The loss of soil moisture from April to July 
was 115 mm in the spring wheat field, 125 mm 
in the winter wheat field, and only 60 mm in 
black fallow (Fig. 1). The average amount of 
precipitation from April to July, inclusively, in 
the Kamennaya Steppe is 180 mm. If this amount 
is added to the soil moisture loss in the period 
from April to July, the non-productive moisture 
loss from the black fallow field will be 240 mm. 
There is a considerable moisture deficit in the 
upper 1 m of soil, reaching 50-55 mm at the 
beginning of the growing period and 170-180 mm 
at the end of this period. To decrease the soil 
moisture deficit in the southeastern part of the 
chernozem zone requires agricultural, meliorative, | 
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Fig. 1.- Change in the total amount of moisture in the 
upper 1 m of soil. 


1 - winter wheat field; 2 - spring wheat field; 3 - 


black fallow; 4 - wilting moisture; 5 - field moisture 
capacity. 


/ 100 
/ 20 Jo 40 50 60 70 680 390 100 70 620 (80 460 «(50 60 70 OH 
: Expectancy, % Expectancy, % 


Amount of moisture in the upper 1 m of soil, mm 


apd 
GEESE 


0 6 90 00 0 2 30 40 50 60 10 80 90 100. 
od occa of Expectancy, % 


mot | | | 
ba Gipses 
Peli ae al 


Fi 2. - Curves of the change in the total amount of moisture in the upper 
ae | m of soil. 


ilvi lation Long-Period Fluctuations of Soil Moisture 
or a UNE EES During the Growing Period (May-August) 


143 


I.P. SUKHAREV 


As long-period observations, made in one 
and the same periods, show, soil moisture 
varies greatly. 


Figure 2 gives the curves of the total moisture 
content in the upper 1 m of the soil in May, June, 
July, and August under winter and spring wheat 
and in the fallow of steppe field rotation. In 
50% of the cases the soil moisture in May (mid- 
month) was 80% of the field moisture capacity, 
or slightly more. Only in certain years (3%- 

5% of the years) was the moisture content in 
May equal to the field moisture capacity of the 
soil, At expectancy of 90%-95% the amount of 
moisture in the soil is approximately equal to 
60% of the field moisture capacity. 


The amount of soil moisture under winter and 
spring wheat continues to decrease considerably 
in June. The average amounts of moisture in 
June are only 10-15 mm higher than those cor- 
responding to 60% of the field moisture capacity 
of the soil. Only rarely (5% of the years) does 
the moisture content in July correspond to 80% 
of the field moisture capacity. In approximately 
half of the years of observation the moisture con- 
tent in the upper 1 m of the soil was less than 
60% of the field moisture capacity in mid-June. 
The moisture content in the fallow was con- 
siderably higher than under winter and spring 
wheat in all periods of observation. The de- 
crease in the amount of moisture in the fallow 
in July is insignificant as compared to June, 
while under winter and spring wheat the decrease 
is very sharp. 


The amounts of moisture under winter and 
spring wheat in July fluctuate around 220 mm 
and equal 60% of the field moisture capacity 
in 20% of the cases. As can be seen from 
Figure 2, the amounts of moisture are lower 
than the foregoing in 80% of the years of obser- 
vation. July is the last month of the growing 
period of grain crops, since the harvest begins 
in the second half of the month. The amount of 
soil moisture at this period is at a minimum. 
Soil moisture increases somewhat in August. 
In August the amount of moisture in the fallow 
was 290 mm and more in 50% of the years of 
observation, There are very few years in which 
the moisture content in black fallow is low in 
August in the southeast (Central Chernozem 
Belt) and insufficient for seedlings of winter 
crops to develop, Such a year was the drought 
year of 1957 when the moisture content in 
black fallow dropped sharply in August and in- 
terfered with autumn sowing. 


Moisture Accumulation in Soil in the Autumn- 
Winter Period 


Moisture begins to accumulate in the soil 
after the harvest of crops (autumn) and also in 
winter and during the snow-melting period in 
spring. The soil often receives the largest 
amount of moisture during the autumn period. 
Such months in the southeastern part of the 
Central Chernozem Belt are October, Novem- 
ber, and partly December. This period is the 


*The total amounts of moisture in the upper 1 m, 
corresponding to 60% and 80% of field moisture capacity, 
are 220 mm and 295 mm, respectively. 
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most favorable for the restoration of soil mois- 
ture. 


Table 1 gives representative data for 1948- 
1955 on the accumulation of moisture in the soil 
during the autumn and winter-spring periods 
in fields under various crops. This table shows 
that soil moisture increases rather considerably 
in all fields in autumn, i.e., from the end of the 
harvest to the beginning of winter (establishment 
of a permanent snow cover). In the 8 years of 
observation the increase in moisture in autumn 
in the soil layer from 0-150 cm averaged 64 
mm. In winter the increase in soil moisture 
occurs during warm spells, which are rather 
frequent in the southeast. The recharge of 
soil moisture is considerably smaller during 
the snow-melting period in spring than in autumn. 
In the 8 years of observation the increase in mois- 
ture in spring in the soil layer from 0-150 cm 
averaged only 30 mm, or 47.0% of the increase 
in autumn. During the autumn-winter and spring 
periods the amount of moisture in the soil layer 
from 0-150 cm increased by 94 mm, 68% of 
which occurred in autumn. 


Since winter precipitation contributes little 
to the recharge of soil moisture, the amount 
of moisture in the soil can be increased con- 
siderably by runoff regulation (retention of 
meltwater in the fields). 


Absorption of Autumn and Winter Precipitation 


The absorption of autumn-winter precipita- 
tion depends on its amount (rain and water con- 
tent in the snow), residual moisture in the 
soil, its initial moisture, soil cultivation, etc. 
Below we give the results of calculations of the 
coefficient of autumn and winter precipitation 
absorption in various fields of the Kamennaya 
Steppe for a number of years of observation.3 


It must be noted that, when calculating the 
coefficient of autumn and winter precipitation 
absorption, all types of precipitation falling 
during this period in the form of rain and snow 
must be taken into account. If in summer, 
precipitation of <5 mm is little effective, in 
autumn even a fine rain promotes the gradual 
increase in soil moisture in the absence of 
evaporation from the soil surface. Autumn 
and winter precipitation occurs primarily in the 
form of fine rain and snow. Thus, for instance, 
from 1948-1957 autumn precipitation of <5 mm 
comprised on the average 51% of the total pre- 
cipitation for these years, while winter-spring 
precipitation (from December to March of the 
following year) amounted to 59.3%. Therefore, 
in determining the coefficient of absorption for 
autumn-winter precipitation we took into account 
the total sum of precipitation in the foregoing 
period (Table 2). 
the months from September to December in the 
autumn-winter period. A permanent snow cover 


8The coefficient of precipitation absorption by the 
soil is calculated, according to A.V. Protseroyv, as 
the ratio between the amount of precipitation moisture 
taken in by the soil and the sum of effective precipita- 
tion (more than 5 mm) in mm. 


In these calculations we included 
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Table | 


Moisture accumulation in the soil (in the layer from 0-150 cm) under field rotation 
in the steppe in autumn and winter-spring periods, mm 


Total 

moist. 

incre. 
; eee = eee ee en ee ee oe : 

Crop Bele Amt. moisture |MoisturdAmt. of Incr. of Moisture) (uring 

* "After | Before | incre- | moist. | mois- |content fume 

the beng. of |}ment in aft. snow ture in | in the lwinter 

harvest| winter | autumn |melting| winter | snow jspr. pr. 


Winter-spring period 


Autumn of the following year 


1948 
Fallow 2 358,0 | 463,0 | 105 479,7 | 16,7 69 | 120,0 
Sunflower 4 322,8 | 487,1 | 164,3 | 505,5 | 18,4 — 482,7 
Spring wheat 6 390,9 492 ,6 101,7 p09, 4 66,5 — 168 ,2 
Grasses 7 396,5 | 488,0 | 91,5 SS 89,5 90 181,0 
Average| | 367,0 | 483,0 | 116,0] 530,0| 48,0 | | 164,0 
1949 
Fallow 2 418,8 | 480,0| 61,2 MEG | Bae 49 94,8 
Sunflower 3 Sl | AOD | WO 2 ISO || Daa ae 104,0 
Spring wheat 6 338,9 | 419,2 | 80,3 467,2 | 28,0 a= 408,3 
Grasses 7 360,0 403 ,6 43,6 433,3 AQ) tf = Teige) 
Averagel | 363,01! 429,3| 66,3 | 461,0] 29,0 | — | 95,8 
1950 
Grasses | 3 | ciloal |} sivas | AOla¢ |) aileka || Alle) || Gh |) kHB 
1951 . 
Grasses 3 RO ¢ | ASS] A056 | 20.8 52,6 60 | 158,3 
Spring wheat 4 324,8| 418,8| 94,0 450,8 | 32.0 60 126,2 
Average | 3419,0| 418,8| 99,8 | 458,0| 42,5 | | 142,0 
1952 
| 
Sunflower after} 4 | 357 ,0 | 387,0 | 30,0 | 438 ,0 | 51,0 | a= | 81,0 
spring wheat 
1953 
Oats | 4 | 388,0| 426,0| 38,0 | 450,0| 24,0 | — | 62,0 
1954 
Barley { 283,2 | 298,41] 15,2] 306,0 7,6 30 WO) 
Oats 3 D9 || VIO D6 | eee || Ase = 67,9 
Fallow 4 332,6 | 363,0 | 30,4] 573,9} 10,9 = 41,3 
Winter wheat 5 317,8 | 380,3 | 62,5 | 405,0| 24,7 a 87,2 
“Millet 6 267,3 | 337,0 | 60,7 | 376,7| 29,7 = ane 
Spring wheat 7 V9.2 | Ba | PRO} S445) a9. _ 35, 
Average | | .287,0| 336,0| 49,0 | 356,5| 20,5 | — | 59,5 
1955 
Fane A ‘ . : 48,4 
Barle t 283,2 | 208,4 | 15,2 | .301,8| 3,4 45 
Oats 3 259,93 | 298,9 | 39,6 327,2 | 28,3 == oo 
Fallow h SOD 8 || Hare |) S90 373,9 6,3 — als 
Winter wheat 5 267,0 | 329,0] 62,0 309,3 eae = rire 
Millet 6 276,3 | 337,0 | 60,7 376,7 we = oat G 
Spring wheat thi aia 4! 23,9 373,1 40, _ A 
5 q = 4,0 
Average 288,0 | 329,0| 39,4 | 352,0 | 24,6 | | 64, 
Av. for 8 yrs} | 324,0 | 388,0| 64,0 4418,0 | 20,0 = 94,0 


Note: Comma. represents decimal point. 
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Table 2 


Absorption of autumn and winter-spring precipitation (in the layer from 0-150 cm) 


under steppe field rotation, mm 


Winter-sprin: 


Autumn-winter and 


Autumn-winter Z ‘ : 
(Sept - Dec) of Jan a early sprin periods 
in- i 
Mois- Effec- Bote Mois- ee: ee ts Total ts 
ture | tive prec ture preci-| prec. | ture aaee jonereree 
MCT | Eee | ab | oe pita |b gene ea meray ieann 
JMSe ieee | sorp ae tion |sorp- |ments ie sorp- 
zon tion tion tion 
1948 
Fallow 104,0) 245,5{ 0,43 | 16,7 | €9,0 | 0,24 | 120,7| 324,5] 0,37 
Sunflower 1€4,3] 245,5] 0,67 A | OO || Warsi! A827) 30,0 0,60 
Spring wheat 401,71) 245.5) 0,42 | 66,5 19 70,0 1) 07955 Ia 1tte2 315,5 Ovo2 
Grasses 91,5 | 245,5| 0,28 | 89,5 | 92,0 | 0,97 | 181,0] 337,5| 0,54 
Average |116,0 |245,5 | 0,47 | 48,0 | 72,7 | 0,62 [A164 OM S22; ONO os 
a 46,6; 0,6 
Fallow 64,3 [96,6 | 0,64 | 33,5 1°50,0°7 0,67 1-94,8 74 Dy 60 
Winter crops 79,2 | 96,6 | 0,82 } 25,0 | 50,0-] 0,50 |104,0 | 146,6/ 0,95 
Spring wheat 80,3 | 96,6 | 0,83 | 28,0 | 50,0 | 0,56 |108,3 | 146,6] 0,65 
Sunflower 43,6 | 96,6 | 0,45 | 29,7 | 50,0 | 0,59 | 73,3 | 146,6) 0,50 
Average| 66,3 | 96,6 | 0,69 | 29,0 | 50,0 | 0,58 | 95,8 | 146,6| 0,650 
1950 
Grasses | 40,7 ||.63,0° | 0565, 41,9.) 55,00) 0:76 | (82, 60i0419.0 aus 70 
1951 
Grasses 105 a 139,0] 0,75 | 60,0 | 0,86 | 158,2] 199,0] 0,80 
Spring wheat_| 94,0 | 139,0| 0,81 30° | 60,0 | 0,53 | 126,0] 199,0}] 0,63 


Average|100,0 | 139,0| 0,72 | 42,5 | 60,0 | 0,71 | 142,5] 199,0| 0,71 


1952 
51,0 | 60,0 | 


Sunflower | 30,0 | 69,2 | 0,44 | 0,85 | 81,0 | 129,2] 0,62 
1953 
Oats | 38,0 | 165,0| 0,23 | 24,0 | 80,0 | 0,30 | 62,0 | 245,6] 0,25 
1954 
Barley 15,2 W71454 91 O94 8,0.) <25,01411-0, 3245 23,201 0OtmtenOaes 
Oats 29,6 107454 1) 0,53 |S 2e-aet oa. | 0,89 | 67,9 1103,4 | 0,59 
Fallow 30,4 | 74,1.| 0,44 | 40,9.) 25,0.) 0,441, 41,3 | 99, 4nno 22 
Winter wheat | 62,5 | 74,1 | 0,84 | 24,7 | 30,0 | 0,82 | 87-2 |104.4 | 0/83 
Millet 60,7 | 74,1 | 0,82 | 39,7 | 42,0 | 0,95 |100,4 |116;4 | 0.86 
Spring wheat _| 23,7 | 74,1 | 0,32 | 11,4 | 25,0 | 0,46 | 35.1 | 99:4 | 0/35 
Average] 49,0 | 74,1 | 0,52 | 20,5 | 30,0 1 0,68 | 59,5 |104,0 | 0,57 
1955 
Barley 15,2 | 152,4) 0,10 3,4 | 35,0 | 0,40 | 18,4 |187,4] 0,10 
Oats 39,6 | 152,4] 0,26 | 28,3 | 45,0 | 0,64 | 67,9 | 197.4] 0.33 
Fallow 35,0 | 152,4] 0,23 6,3 | 35,0 | 0,18 | 41,3 |187,4] 0,92 
Winter wheat | 62,0 | 152,4] 0,40 | 30,3 | 45,0 | 0,67 | 92.3 |197:4] 0.46 
Millet 60,7 152,4 0,40 | 39,7 | 45,0 | 0,87 |100,4 1197.4 | 0.54 
Spring wheat 23,9 | 152,4| 0,16 | 40,4 | 45,0 | 0,90 | 639 1197.41 0'32 
VEeFase | °39,4 | 4152/4 1. 0,268 27 Gal Alien O156 184,0) 0,35 
Av. for 8 yrs. 84°0 | 134°0| 0°48 30°0 i's | ovcoi bos gaits 0,54 
a= t{ 


Note; 


Comma represents decimal point. 
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does not form and frosts to not set in during the 
first half of December in the southeastern part 
of the Central Chernozem Belt. Precipitation 
during this period is mostly of the solid type. 

A permanent snow cover forms in the Kamennaya 
Steppe at the end of the second or the beginning 
of the third decade of December. 


Snow usually accumulates during the winter- 
spring period (January, February, and March) 
and spring melting begins at the end of March. 
The snow disappears on the average by April 


? 


Table 2 shows that the coefficient of absorp- 
tion for autumn-winter precipitation (September- 
December) varies greatly from year to year. In 
individual years (humid and cold) it reaches 0.70 
-8.80; and in years with a warm autumn (1953 
and 1955) it drops to 0.23-0.25 as a result of 
increased evaporation from the soil surface. 

In 8 years (1948-1955) the coefficient of ab- 
sorption for autumn-winter precipitation aver- 
aged 0.48, 


In calculating the coefficient of absorption 
for winter-spring precipitation we used data 
on the water contents in snow obtained from 
snow surveys conducted in spring before snow 
melting. Table 2 shows that the coefficient 
of absorption for winter-spring precipitation 
is somewhat higher than that of autumn-winter 
precipitation. During the winter-spring period 
the absorption coefficient varied from 0.30 to 
0.85 and averaged 0.60 in 8 years; during the 
autumn-winter period it varied from 0.11 to 
0.84. The absolute value for the absorption of 
meltwater during the winter-spring period 
averaged 30 mm in 8 years, and during the 
autumn-winter period, 64 mm. Thus the 
soil accumulates the largest amount of mois- 
ture in autumn and in the first month of winter 
(September-December). 


The total absorption coefficient for the 
autumn-winter and spring periods averaged 
0.51 in 8 years, and varied annually from 
0.25-0.80. The absolute value for the absorp- 
tion of rain and meltwater in these periods 
varied from 62-163 mm, and averaged 94 mm 
in 8 years, 


Utilization of Soil Moisture by Plants 
During the Growing Period 


We mentioned earlier that the amount of 
moisture in the soil is at the maximum in spring 
after snow melting. As warm weather sets in 
moisture is lost in the transpiration of agricul- 
tural plants and evaporation from the soil sur- 
face. Soil moisture observations (12) show 
that grain crops consume almost all the availa- 
ble soil moisture by mid-summer. 


The utilization of soil moisture by plants 
during the growing period and losses by evapor- 
ation from the soil surface during the same 
period are characterized by the coefficient of 
utilization of natural soil moisture contents (12) 


» 


4The coefficient of utilization of natural soil mois- 
ture contents is calculated, according to V.V. Kolpa- 
kov, as the ratio between the amount of moisture lost 
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Table 3 gives the coefficients of moisture utiliza- 
tion from the upper 1 m of the soil during the 
growing period of certain crops. 


This table shows that the coefficient of soil 
moisture utilization varies considerably from 
year to year for all agricultural crops. It is 
highest during dry years and lowest in wet 
years. The coefficient of unproductive mois- 
ture losses in black fallow was on the average 
3.2, 3.5, 3.7, and 3.1 times smaller than the 
coefficient of moisture utilization under winter 
and spring wheat, sunflower, and alfalfa, re- 
spectively. 


Influence of Forests on the Soil Moisture 
Regime in Fields 


Previously, we discussed the problems of 
the soil moisture regime in steppe fields. As 
we know, forests and forest belts in fields have 
a great influence on the increase in the mois- 
ture content in the soil because of the increased 
snow cover and the decrease in surface melt- 
water runoff, Many investigators, includin 
Vysotskiy (7), Rode (16), Dolgov (9), Zonn (10, 
11), Skachkov (18), Aleksandrov (7), Burnat- 
skiy (6), and others, mentioned the great role 
that forest plantations play in the increase of 
the amount of soil moisture. Forest belts 
promote the accumulation of snow in the fields 
in winter, The soil under the thick snow cover 
in the forest belts is protected from deep freez- 
ing, its water permeability increases as a re- 
sult, and a greater amount of meltwater during 
the snow melting period in spring is absorbed 
by the soil in fields surrounded by forest than 
in fields without forest (in the steppe). 


Observations on soil moisture in the Kamen- 
naya Steppe showed that in fields bordered by 
forest belts soil moisture was higher than in 
fields in the steppe. Soil in forested fields 
receives more moisture during the autumn- 
winter and spring periods than that in fields 
in the steppe. Table 4 shows the amounts of 
moisture in the upper 1 m of soil in forested 
fields and fields in the steppe after snow melt- 
ing in spring from 1944-1958, In all years 
soil moisture was higher in spring in the field 
bordered by a forest belt than in the steppe. The 
largest difference between the amount of mois- 
ture in the soil of the forested field and of the 
steppe was 92.8 mm (1945), and the least was 
12 mm (1953). In 15 years it averaged 47 mm. 


Figure 3-A shows that the amount of soil 
moisture in spring varies with time. In all the 
years of observation it was considerably higher 
in forested fields than in the steppe. Every 
year in spring there is a considerable moisture 
deficit in the fields in the steppe. In the years 
when the moisture content in spring in the meter 
portion of the soil in steppe fields reaches the 
ultimate field moisture capacity, expectancy 
is 3%. In forested fields when the amount of 
soil moisture in spring is equal to the field 
moisture capacity, espectancy reaches 30%, 
Consequently, the spring moisture content in 


in a given layer during the growing period (in mm) and 
the total amount of productive moisture in the same 
soil layer in spring (sowing period). 
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Moisture in the upper 1 m, mm 


LOMO IO 40 SORT CORIO 60 
Expectancy, % 


t in the upper 
Ss 


mm 


fici 
m, 


Moisture de 


IO 106 20 40 G60 80 00 
Expectancy, % 


Fig. 3. - Expectancy curves of the total amount of moisture in the upper 1 m 
of soil in spring (after snow melting) in a forested field and in 
the steppe (A). Moisture deficit curves for the upper 1 m of soil 

in spring (after, snow melting) in a forested field and 
in the steppe (B). 


the meter layer of the soil in these fields is 
below the ultimate field moisture capacity in 
70% of the years of observation. 


At an expectancy of 50% (long-period 
average) the amount of moisture in the soil is 
93% of the field moisture capacity. At 80% of 
field moisture capacity, expectancy is 85%. 


Figure 3-B shows that the long-period 
average deficit (50% expectancy) is 32 mm in 
forested fields and 73 mm in steppe fields. 
Under steppe conditions there is a lesser or 
higher moisture deficit every year, in forested 
fields it is less important. The increase in 
soil moisture in forested fields occurs as a 
result of reduced meltwater runoff, In these 
fields more local runoff water penetrates into 
the soil than in fields in the steppe. There- 
fore the annual yield of agricultural crops in 
the forested fields of the Dokuchayev Institute 
is higher than in the steppe (2). Our calcula- 
tions and experimental investigations on the 
wetting of the aerated zone of the soil in the 
Kamennaya Steppe showed that to compensate 
for the moisture deficit in this zone during 
the snow melting period in spring (after which 
water begins to seep through the soil and ground 
water begins to rise) requires an average of 
324 mm of water per field, 208 mm for a 
forested field, and 273 mm for a forest belt 
(if the ground water is at a depth of 6-10 m). 


As long-period observations show (the work 
of Basov (4) and our investigations), 4-100 
mm of meltwater are retained in the fields 
(water contents in the snow minus runoff) during 
the snow melting period in steppe catchments 
(Osinov ravine), and an average of 23 mm for 
a long-time period (23 years). In the forested 
catchment of Lesnaya ravine (forest cover, 6%) 
runoff water retention varies from 24-141 mm 
and averages 58 mm. In the forested catchment 
of Selektsentr ravine (forest cover, 18%) melt- 
water retention varies from 50-155 mm from 
year to year and averages 93 mm. Consequently, 
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in order to eliminate the moisture deficit in the 
aerated zone and cause water to seep through 
and the ground water to rise, alargeramount 

of water is required than is retained in catch- 
ments, even those having an extensive forest 
cover. Consequently, the position of Vysot- 
skiy (7), and Rode (16, 17) on the existence 

in the steppe zone of a soil layer which is not 
being wetted during the infiltration of spring 
meltwater is true for conditions in the 
Kamennaya Steppe (for steppe and forested 
catchments). Ground water is fed by melt- 
water only if it is close to the surface (2-3 m). 
If the ground water is deep (6-10 m and more), 
it is recharged locally. Recharging is achieved 
in individual areas with "'pot-holes'"'— relief de- 
pressions, saucers, sinkholes, and areas with 
a thick snow cover (in forest belts, at their 
edges, road shoulders, near buildings, etc. ). 
Forest belts are places of intensified ground- 
water recharge, the water contents in the 

snow before melting vary from 300-500 mm and 
considerably exceed the amount of water 
necessary for wetting the soil through. Con- 
sequently, the soil in the forest belts is thorough- 
ly wetted during the snow melting period and re- 
ceives an ample recharge of water. Thus, forest 
belts irrigate themselves. 


Conclusions 


1. Soil moisture accumulates in the south- 
eastern part of the Central Chernozem Belt 
from September to April. The amount of mois- 
ture is at a maximum in April. From May to 
July and sometimes August, i.e., the growing 
period of agricultural crops, soil moisture is 
lost by transpiration of plants and evaporation 
from the soil surface. Average data indicate 
that soil moisture is at a minimum in July, 
and in certain years in August. For several years 
the average soil moisture losses during the grow- 
ing season'were 115 mm ina spring wheat field, 
125 mm ina winter wheat field, and 60 mm in 
fallow. 
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2. According to 8-year data (1948-1955), 
the soil layer from 0-150 cm accumulates on 
the average 64 mm of moisture from Septem- 
ber to December, and only 30 mm during the 
winter and spring periods, 


3. The coefficient of absorption for autumn 
and winter precipitation (September-December) 
varies rather sharply from year to year. In 
individual years (humid and cold) it reaches 
0.7-0.8, while in years with a warm autumn it 
drops to 0.23-0.25. From 1948-1955 it aver- 
aged 0.48. The coefficient of absorption for 
winter-spring precipitation varied in 8 years 
from 0.3-0.85, and averaged 0.60. The total 
coefficient of absorption for autumn-winter 
and spring precipitation was 0.51. 


4, The average coefficient of moisture ac- 
cumulation for 8 years was 0,55 in a winter 
wheat field, 0.59 in a spring wheat field, 0.69 
in a sunflower field, 0.52 in an alfalfa field, 
and 0.167 in black fallow. It varies rather 
sharply from year to year. 


5. Forests around fields promote a fuller 
utilization of atmospheric precipitation (rain 
and snow). In 15 years the amount of mois- 
ture in the upper 1 m of soil in a forested field 
was 47 mm higher than in a field in the steppe. 
The difference between the amount of moisture 
in a forested and a steppe field varied from 
92.8 mm (1945) to 12 mm (1953). The recharge 
of moisture in a forested field occurs as a re- 
sult of the reduction of surface runoff, 


6. During the snow melting period more 
meltwater is retained in the forested fields of 
Kamennaya Steppe than in fields in the steppe. 
A large amount of this water is spent on wetting 
the upper soil layers, Meltwater reaches the 
ground water only in places where the 
latter is close to the surface (2-3 m) and those 
with relief depressions, saucers, sinkholes, and 
areas of deep snow accumulation (in forest 
belts, at their edges, road shoulders, near 
buildings, etc. ). 
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DYNAMICS OF IRON 


IN SOLONETZES OF THE TRANS-TISZA REGION OF HUNGARY 


LASLO GEREI, Budapest 


Processes of solonetz formation are wide- 
spread in the Trans-Tisza region of Hungary. 
In this area solonetzes and meadow soils are 
irrigated by flooding. Irrigation destroys the 
colloidal complex of these soils and the iron 
in them becomes mobile. 


Many authors relate the migration of iron 
and solonetz formation to anaerobic conditions 
which develop under irrigation. In the special- 
ized literature it is pointed out that the transition 
of iron into a mobile state is associated with 
reduction processes taking place in the soil 
(43, 12, 26, 23, 14). Schnitzer and Delong 
(3773 explain the reduction of iron by the effect 
of organic substances on its compounds, Ignatieff 
(25) studied the reduction of iron during the 
flooding of sterile and non-sterile soils and 
concluded that it is caused by microbiological 
processes. Each of the foregoing assumptions 
has its proponents. The first is supported by 
Bloomfield (17, 19, 20, 21), and Schnitzer and 
Delong (37), and the second by Treitz (42), Sig- 
mond (39), Szaboles (40, 41), Viljamsz (43), 
Yarkov (15, 16), Ponnamperuma (35), and others. 
Gorbunov (3) points to the necessity of studying 
the dynamics of amorphous and crystalline 
forms of iron compounds. He established (4) 
that ferric oxide hydrates of various degrees of 
aging have various thermograms, Laatsch (33) 
showed that during the hydrolysis of clay min- 
erals containing iron, ferric oxide is released 
which crystallizes, as ferrimetahydroxide does, 
in the form of hetite of ultramicroscopic size. 


Many authors note a relationship between 
the solonetz process and the migration of iron, 
Antipov-Karatayev (1) studied the formation of 
the illuvial horizons in solonetzic soils. Sig- 
mond (39), as well as Glinka (24) established 
that insoluble silicic acid accumulates in the 
A horizon of solonetzes while at the same time 
the amount of cations and sesquioxides decreases, 
The later accumulate primarily in the B horizon. 


B.B. Polynov (6, 7, 8) studied the problem 
of salinization and desalinization in relation to 
weathering and the formation of secondary 
minerals. He indicates (9, 10) that active iron 
hydroxide possesses three major properties: 

1) it can reversibly change its dispersion and 
is capable of producing a reversible gel; 2) 

it tends toward reduction and repeated oxidation 
and 3) it can enter a solution in the form of 
ions of ferrous iron. 
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Szabolcs (40), and Yarkov, Kaurichev, and 
Moddubnyy (16) believe that the iron cycle is 
one of the characteristic signs of solonetziza- 
tion and solodization and agree with Sigmond 
(38) in that a "temporary excess wetting" is an 
important factor in solonetzization. They 
determined that mobile organo-mineral iron 
compounds form in solonetzic soils under the 
influence of anaerobic biochemical processes, 
Many authors pay attention to the iron cycle in 
relation to the sowing of rice during flooding 
(6, 38, Se, 2, 2, AO, BO), Si). 


As we can sSee,various authors agree that: 
1) the dynamics of iron is part of the process 
of solonetz formation; 2) irrigation by flooding 
affects the dynamics of iron; and 3) there is 
a close relationship between the dynamics of 
iron and the change of soil colloids. 


Methods 


It was first of all necessary to clarify the 
question of whether there is a relationship 
between the amount of easily soluble and mobile 
iron, and whether one can judge about the move- 
ment of iron in the soil from the number of its 
easily soluble compounds, 


We investigated the distribution of iron 
soluble in 0.05-N sulfuric acid in the individu- 
al horizons of a meadow solonetz and its total 
content in this soil. The results of the analyses 
are given in Figure 1-A and B. 


We are interested only in the relative differ- 
ence between the curves and it is of no importance 
that the curves are of a different scale. 


As we know, sesquioxides move from the A 
horizon of soils of the solonetz group into the 
B horizon where they precipitate and accumu- 
late. The total amount of iron is least in the 
A horizon (Fig. 1-B), while it accumulates 
in the B horizon. It can be seen from Figure 1-A 
that the A horizon contains the maximum amount 
of mobile iron. Consequently, one may judge of 
the movement of this element by the amount of 
easily soluble iron and its change. 


An 0.05-N solution of sulfuric acid was found 
most suitable for dissolving mobile iron when 
studying the meadow soils and meadow solonetzes 
of the Trans-Tisza region. 
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According to the opinion of Yarkov (15, 16), 
and Rode (11, 12), the iron moves in the soil 
in the form of complex organo-mineral com- 
pounds which dissolve in diluted acids. Yarkov, 
Kulakov, Kaurichev, and Kopteva (14) used a 
0.05-N solution of H,SO, to dissolve mobile iron 
and this method gave satisfactory results in 
their investigations. In the opinion of Gedroyts 
(2) the colloidal complex of the soil is not being 
decomposed under the action of a 0.05-N solu- 
tion of HCl. This conclusion is confirmed by the 
results of the investigations of Chernov (13), and 
Mitchell and Mackenzie (34). 


We wanted to determine the bi- and trivalent 
iron in the extract and therefore we used sul- 
furic acid instead of hydrochloric acid, since 
the former has a smaller effect on reduction 
processes, 


During the investigation of the influence of 
the concentration of hydrochloric and sulfuric 
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Fig. 2, - Relationship between the concentration of 
hydrochloric and sulphuric acid and the amount of 
dissolved iron, 
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acid on the amount of soluble iron it proved 

that with concentrations exceeding 0.05-N the 
amount of soluble iron increases, This shows 
that the adsorption complex is being decomposed 
at acid concentrations exceeding that used by 

us (Fig. 2). Proceeding from this it was found 
that a 0.05-N solution of sulfuric acid, as a 
weak solvent, was suitable for dissolving mobile 
iron in the soils of the Trans-Tisza region. 


To determine the suitability of the method 
(especially for evaluating the dynamics of iron), 
we determined the variations of the results of 
determinations of easily soluble iron in the 
soil. The samples were taken from two profiles 
at a distance of 20 cm from each other. The 
deviations of the results did not exceed +3% 
(See Table 1). 


On one occasion samples were taken from 
four places at a distance of 20 cm from each 
other and arranged in the form of a square, 
but no greater deviations were noted. Two 
years of observation on the dynamics of soluble 
iron showed that its amounts sometimes dif- 
fered by more than 100%, for instance during the 
determination of easily soluble iron in the A 
horizon of Profile 12 (Fig. 5-A), Thus, the 
variation in the amount of easily soluble iron 
in the soil proved to be much smaller than the 
dynamic changes of its content. 


Iron was determined from a 0.05-N extract 
of sulfuric acid by means of salicylic acid and 
complexone III (22, 32). The amount of soluble 
iron (total amount of bi- and trivalent iron) 
was determined according to the following 
method: 10 g of dry soil is shaken with 250 cm3 
0.05-N sulfuric acid for an hour. If the soil 
has carbonates, the carbonate content is deter- 
mined beforehand and the carbonates are neu- 
tralized with 1-N H,SO, (0.05-N sulfuric acid 
is added first so that the soil would not come 
into contact with the more concentrated acid). 
Then this solution is filtered. The pH of the 
filtrate must be between 1 and 2. A drop of 
H,O, and salicylic acid are added to a definite 
amount of filtrate in methyl alcohol. Iron sali- 
cylate of a purple color forms which is titrated 
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Table 1 


Results of the determination of ster: 
1 


solonetz from Sarvash, mg 


Profiles 
ieee 


186,3 


Depth, cm 


O0—20 180, 1 


20—40 130,2 1254 
40—60 16,4 15,7 
€0—80 14,0 14,0 
80—1006 44,4 41,3 


| Depth, cm 


-soluble iron in the irrigated meadow 
00 g of soil. October, 1955 


Profiles 


400—120 D242 24,6 
420—140 36,6 36,0 
140—10 35,0 34.6 
1€0—180 66,1 65,3 
180—190 67,5 65,6 


Note; Comma represents decimal point. 


with complexone III until the solution becomes 
colorless, 


Trivalent, easily-soluble iron is determined 
on another sample. The method differs from the 
foregoing in that 0.05-N sulfuric acid, saturated 
with carbonic acid, is used as a solvent to avoid 
the oxidation of bivalent iron, and no H,O, is 
added to the solution. 


The amount of bivalent iron is determined 
from the difference between the total amount 
of iron and the amount of trivalent iron. 


Distribution of Easily-Soluble Iron in Various 
Soil Groups 


Figure 3 shows the amount of total iron solu- 
ble in a 0.05-N solution of sulfuric acid and 
also the amount of iron oxide in the same ex- 
tract. The hachured portion corresponds to 
bivalent iron and the clear portion to trivalent 
iron, 


We can conclude that the distribution of solu- 
ble iron is approximately the same in meadow 
soils, there is a small accumulation of soluble 
iron in the upper 20 cm of solonetzic meadow 
soil, and a considerable accumulation of total 
soluble iron in the same layer of solonetz. 


Thus, a relationship is established between 
the intensity of salinization processes and the 
amount of easily-soluble iron found in the upper 
layer of soil, There is a considerable amount 
of easily-soluble iron oxide in the C horizon of 
slightly solonetzic meadow soil which is associ- 
ated with the process of gleization. 


Investigations on strongly podzolized, slight- 
ly podzolized brown forest soil, brown forest, 
and humus-carbonate (rendzina) soils showed 
that there are differences between the accumu- 
lation of easily-soluble iron in the upper 
horizons of these soils and the degree of pod- 
zolization, There is a considerable amount of 
easily-soluble iron in the A horizon of strongly 
podzolized brown forest soil, while there is 
somewhat less easily-soluble iron in the slightly 
podzolized brown forest soil; there is no accumu- 
lation of iron in the upper horizon of brown forest 
soil, In humus-carbonate (rendzina) soils, 
where there is no leaching, the amount of easily- 
soluble iron is zero. 


153 


The absolute amount of easily-soluble iron 
in the meadow, solonetzic, and forest soils 
is not the same, because of the textural differ- 
ences of these soils. Meadow and solonetzic 
soils are clayey, while forest soils are sandy. 
It means that the distribution of easily-soluble 
iron is determined by soil-forming processes, 
while its absolute amount depends on the texture 
of the given soil. 


In the acid sandy soil from the Nir'shig rayon, 
easily-soluble iron is distributed evenly. There 
are no degradation processes in this soil. 


In the solonchak-solonetz of the Danube-Tisza 
interfluve there is a more considerable accumu- 
lation of easily-soluble iron, The textures of the 
sandy soil from the Nir'shig and the solonchak- 
solonetz from the region between the Danube and 
Tizsa are approximately the same, but at the 
same time there is a great difference in the 
distribution of easily-soluble iron in them. This 
fact also shows that the movement of iron in 
the soil depends primarily from the nature of 
soil processes. In the bog soil from Kestkhey, 
where conditions are strongly anaerobic, there 
is more bivalent than trivalent iron, 


The following conclusions can be made on the 
distribution of easily-soluble (mobile) iron in 
soils of individual groups. Its amount and 
distribution differ from horizon to horizon 
and show a close relation to soil formation proc- 
esses. It is interesting to note that the amount 
of easily-soluble iron increases in the upper 
layer of those soils in which degradation proc- 
esses (solonetzization and podzolization) take 
place. The absolute amount of iron is related to 
soil texture. The absolute amount of easily- 
soluble iron is higher in sticky clay soils. The 
ratio between bi- and trivalent iron in the 0.05- 
N extract of sulfuric acid points to the presence 
of aerobic-anaerobic conditions in the foregoing 
horizon when the sample was taken. Under 
aerobic conditions easily-soluble iron is in the 
trivalent form in the soil horizons, with little 
access to air it is primarily in the bivalent 
form, 


Dynamics of Iron in Meadow Solonetzes 
When studying the movement of iron one 


determination of the distribution of easily- 
soluble iron along the profile is not sufficient. 
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Fig. 3. - Distribution of easily-soluble iron in the major soi] groups 
of Hungary. 
Soil: A - typical meadow; B - slightly solonetzic meadow; C - 


solonetz; D - strongly podzolized brown forest; E - slightly podzolized 
brown forest; F - brown forest; G - acid sandy from Nired'khaz; H - 
solonchak; | - bog from Keetkhey. 1 - ferri and FernOtn e2rernas 

3 - ground water. mg/l00 g of soil are plotted along the abscissa. 


To come to the right conclusions one must study observation (1954-1957) various crops were 


the dynamics of iron with time. Such investiga- grown under rotation in these fields. Profile 
tions were conducted at the experimental field 6 was under a mixture of legumes and 

of the Scientific-Research Institute of Irrigation grasses during the first year and under winter 
and Rice Growing of the city of Sarvash. Soil wheat in the second year. Profile 12 was under 
samples were taken from such fields in which rice the first year and under spring barley the 
experiments on the growing of rice under crop second; Profile 14 was under red clover both 
rotation were conducted. During the time of years; and Profile 8 under rise both years. 
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Samples were taken the first year (1954-1955) Judging by their morphology and chemi- 
from three profiles: 16, 14, and 12; and the cal data the profiles belong to the following 
second year (1956-1957) from four profiles: soil groups: Profile 16, to deeply solonetzic 
16, 14, 12 and 8, three times a year. The meadow soil; Profile 14, to secondary 
samples were taken at depth intervals of 20 cm solonetz; and Profile 8, to deep meadow 
to a depth of 2 m. solonetz. 
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Fig. 4. - Dynamics of iron in Profile 16 from Sarvash (A). Same in 
z Profile 4 (B). 

| - ferri + ferro; 2 - ferro; 3 - ground water. Fe 203 is plotted 

in mg/100 g of soil along the abscissa. 
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During 2 years the dynamics of iron in in- 
dividual profiles was distinguished by the follow- 
ing features. 


Profile 16 (Fig. 4A). Deep solonetzic mea- 
dow soil. There is little easily-soluble iron in 
the A horizon as compared to the other profiles. 
An exception are samples taken in April 1955, 
when a large accumulation of easily-soluble 
iron was observed. This shows that in order to 
obtain results it is not sufficient to determine 
the amount of easily-soluble iron only once, it 
must be determined many times. 


The meadow solonetz from Profile 14 (Fig. 
4-B) is characterized by a more intense dy- 
namic of iron thanis meadow soil. This points 
to a close relation between solonetzization 
processes and the migration of iron. 


Profile 12 (Fig. 5-A) is also a meadow 
solonetz, but the field in which it is located was 
irrigated the first year, as a result of which 
more easily-soluble iron formed in the upper 


layer of the soil than in the meadow solonetz 
(Profile 14) which had not been irrigated. The 
degree of solonetzization of these two profiles 

is the same, therefore, the more intense dynamics 
of iron in Profile 12 is caused by irrigation by 
flooding. Irrigation in June and August, 1955 
caused an increase in the total amount of easily- 
soluble iron and easily-soluble iron oxide in 

the A horizon of this profile. The amount of 
mobile iron did not decrease, even in October, 
1955. It rose sharply again in April of the follow- 
ing year as a result of excess wetting in spring. 
This points to the prolonged influence of flooding 
irrigation. A sharp decrease in the movement of 
iron occurred at the same place the following 
summer without irrigation. 


The dynamics of iron was different in Profile 
8 (irrigated meadow solonetz, Fig. 5-B). Under 
the influence of irrigation, the amount of easily- 
soluble iron increased in the A horizon of this 
soil in October and not in summer. Below we 
will give an explanation for this phenomenon. 


A 
20.1: 1955 26 WH 1955 5 26 X-1955 
A\ 20 Al ab. 
40 4} 
8 60 g | 60 
"| 80 "| Boh 
6, /00 B,,/00 
120 120 
C | 60h 
160 peo x x eae 1603 
170, pen es See SEY 
0 20 660 60 80 100 120140 160180 200220 \ 16 


> eek wat 
60 100 120 140 160 160 
29 [I¥- 1956 


Od 20 40 60 


20 
O 20 40 60 80 100120140 


Fig. 5. - Dynamics of iron in Profile 12 from Sarvash (A) 
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Fig. 6. - Comparison of the d i i i 
ynamics of iron in sulfate solonetz (Profile 12) and 
bicarbonate solonetz (Profile 8 from Sarvash and Profiles 301 and 302 from oe 
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A pronounced increase in the mobility of 
iron was observed in the upper horizons of 
all three profiles of saline soils (Fig. 5 and 6) 
under the influence of excess wetting in spring 
and autumn. It is interesting to note that the 
dynamics of iron in the upper horizons was 
associated with the degree of salinization of the 
soil, which is not true of the lower (B and C) 
horizons of the soil. 


The mobility of iron in Profile 8 differs 
from that in Profile 12, even though both these 
soils are meadow solonetzes and are irrigated 
by flooding. These profiles differ only in the 
composition of salts. Profile 12 has a large 
amount of sulfates, while Profile 8 contains 
bicarbonates. We were interested in the ques- 
tion whether the mobility of iron was deter- 
mined by the composition of salts. Therefore, 
we determined the mobility of iron in two bi- 
carbonatic meadow solonetzes, which were 
also irrigated by flooding. The iron cycle in the 
sulfatic Profile 12 from Sarvash, the bicarbon- 
ate Profile 8 from Sarvash, and Profiles 301 
and 302 from Kopanch, are compared in Figure 
6. This comparison allows the following con- 
clusions to be drawn. The intensity of the mi- 
gration of iron in sulfatic and bicarbonate, 
irrigated solonetzes differs. The amount of 
mobile iron increases greatly in August in 
the upper horizon of sulfatic solonetzes under 
the influence of irrigation by flooding. Easily- 
soluble iron accumulates somewhat later in the 
upper horizons of bicarbonate solonetzes than 
it does in sulfatic solonetzes. The degree and 
nature of salinization apparently influence the 
dynamics of iron in the saline soils of rice 
fields. 


It is interesting to note that we found more 
easily-soluble iron in April and October in 
the two profiles from Kopanch, than in the 
profiles from Sarvash, This is apparently due 
to the fact that rice has been grown for a long 
time as a single crop under flooding in the 
fields of Kopanch. Consequently, a single 
crop grown for a long time causes strong 
solodization, 


Conclusions 
1, Easily-soluble (mobile) iron in meadow 
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1 - Profile 12; 


2 - Profile 8; 3 - Profile 


soils and meadow solonetzes may be determined 
with 0.05-N sulfuric acid. 


2. The amount of easily-soluble (mobile) 
iron and its distribution along the horizons differ 
in soils of various groups and are closely re- 
lated to soil-forming processes. In such soils 
where degradation takes place (solonetzization 
and podzolization) the amount of easily-soluble 
iron greatly increases in the upper horizons, 


3. According to 2 years of observation, the 
iron cycle is more pronounced in solonetzes 
than in solonetzic meadow soils. 


4, The processes of salinization and iron 
migration have a seasonal dynamics. 


5. The relation between the movement of 
iron and salinization processes is a complicated 
one. The migration of iron in the lower hori- 
zons of solonetzes is related to the parent ma- 
terial and the movement of ground water. 


6, It can be assumed that the migration of 
iron and the microbiological processes in the 
soil, which depend on oxidation-reduction condi- 
tions, are closely associated with each other. 


7. Irrigation by flooding greatly enhances the 
migration of iron in solonetzes, After irriga- 
tion is discontinued, the movement of iron is 
slowed down considerably under the influence of 
crop rotation and soil melioration. 


8. The migration intensity of iron differs in 
equally irrigated sulfatic and bicarbonate 
solonetzes. Easily-soluble iron compounds 
accumulate later in the upper horizons of bicar- 
bonate solonetzes than they do in sulfatic solon- 
etzes. There is more easily-soluble iron in the 
upper horizons of irrigated solonetzes occupied 
for a long time by rice than in recently irrigated 
solonetzes. 


Received May 27, 1960 
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CELLULOSE DECOMPOSITION IN THE ZONAL SOILS 


OF TADZHIKISTAN 


A. F. ZAKHARCHENKO, Soil Science Institute, Academy of Sciences, Tadzhik SSR 


The biological process of cellulose decompo- 
sition in the soil has been studied by many in- 
vestigators: Vinogradskiy (1), ey (15), 
Imshenetskiy (3), Kononova (6), Mishustin (8), 
Teplyakova ty 1), and others. 


Information on the intensity of cellulose de- 
composition, and the amount and species com- 
position of cellulose-decomposing microorgan- 
isms in sierozem and certain other soils of 
Central Asia and Kazakhstan is contained in the 
works of Mishustin and Pod'yapol'skiy (9), 
Kvasnikova (4), Yelkina (2), Lazarev (7), 
Teplyakova (20, 21, 22,23), Popova (17), Kisel- 
eva, Paletskaya and Sokolova (5), Paznitsyna 
(18), and others. 


Ye. A. Raznitsyna studied virgin and old ir- 
rigated light sierozems of the Vakhta valley in 
Tadzhikistan. Her data indicate that cellulose 
decomposers develop in virgin, non-irrigated 
sierozem primarily in April and May, which is 
associated with favorable temperature and 
moisture conditions during this time of the 
year. Microbiological life dies away in virgin 
light sierozems in summer because of dryness 
and in winter because of the relatively low soil 
temperature. Cellulose-decomposing bacteria 
were found only in the upper 0.50 m of these 
soils and predominated in the upper layers. The 
period of activity of cellulose-decomposing bac- 
teria in the irrigated light sierozems is more 
prolonged. Here their number increases from 
spring to summer and reaches a maximum in 
July. Many fungi, belonging to the genera 
Fusarium, Penicillium, and Clodosporium and 
a certain amount of mycobacteria are found 
among the cellulose-decomposing microflora of 
light sierozems in winter and spring. The lat- 
ter predominate in spring and become the main 
decomposers of cellulose. In summer actino- 
mycetes appear in the cellulose of irrigated 
light sierozems. 


Until recently almost all the investigations 
on cellulose-decomposing microorganisms in 
the soil were made in the laboratory on definite 
artificial media under a conditionally set opti- 
mum temperature and moisture. Thus only 
relative data on the amount and activity of these 
microorganisms in various soils were obtained. 
However, their activity directly under natural 
conditions remained insufficiently studied, 
while in Tadzhikistan it was not studied at 
all 
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Great attention was paid to the study of the 
life activity of microorganisms under natural 
conditions by Kholodnyy (24, 25,26), Vinograd- 
skiy (1), and Novogrudskiy (10, 11, 12, 13). Pybal- 
kina and Kononenko (19) studied the active 
microflora of the soil by placing growth glasses 
in the soil (under natural conditions) according 
to the modified method of N.G. Kholodnyy. 


As participants of complex investigations on 
the process of soil formation in the main groups 
of Tadzhikistan soils, we were faced with the 
problem of determining the nature and intensity 
of cellulose decomposition under natural condi- 
tions. 


Method of Investigation 


Beginning in 1954 we used a method by which 
cellulose (filter paper) was placed directly in the 
soil to various depths (down to 2m). After a 
given time (depending on the purpose of the in- 
vestigation) the paper was removed and the 
state of the cellulose, its decreased weight, and 
the composition of microorganisms were 
studied in the laboratory. Technically it was 
done in the following way. A 10 x 10 cm sheet 
of filter paper was numbered, weighed, and 
glued with melted 2% aqueous agar to 11 x 14- 
cm glass plates. The size of the glass was 
slightly larger than that of the filter paper so 
that edges were left free to handle the plates 
during removal and analysis without touching 
the paper. The filter paper, glued to the glass, 
was dried, a number was written with special 
ink on the reverse side of the glass, and the 
plates thus prepared were sterilized in an auto- 
clave. 


The glass plates with the cellulose were 
placed into vertical cuts in the soil, or niches 
made in the walls of freshly dug soil profiles, 
usually at a depth of 5-15 cm, 40-50 cm, and 
190-200 cm. The experiment was usually 
replicated three times for each horizon. After 
the filter paper was placed in the soil, the walls 
of the cuts were thoroughly smoothed with a 
sterile soil knife. The space back of the plate 
was filled with the soil removed from the cut. 
After the plates were placed in all the horizons, 
the trench was backfilled with the soil removed 
from it. The plates were usually left 40, 120, 
and more days in the soil (in high-mountain soil 
the plates with the cellulose were left in one case 
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Table 1 


Results of the mathematical treatment of data on the decrease in cellulose weight, % 


of initial weight 


Square root 
deviation of the 
mean 


Experi- 
mental 
treatment 


Glued with 
aqueous 
agar 

Wetted with 
sterile 
water 


Standard |Accuracy 


the mean 


Standard 
error of the 
coeffi. | diff ae ele 

len we i 


o-l ———_. 
——== 


MV mbtmi 


Varia- 


error of index tion 


2 . . a ieee : . 7 
Note, a? - deviations squared from the origin of moments; arithmetic mean of deviations 


"a" from the origin of moments. 


Note: Comma represents decimal point. 


Table 2 


Major long-period climatic data* and certain information on the soils of Tadzhikistan 
data from the laboratory of the Soil Science Institute) 


Elevation, m 


Light sierozem (Ak-Gaza) 460 | 6351 
Typical sierozem (Obi-Kiik) 580 | 5840 
Dark sierozem (Urta-Boz) 850 | 5402 
Typical cinnamon-brown soil (Takob)4650 | 3434 
High-mountain sod-meadow soil. 

(Anzob) 3380 |—584 


b 


t 


Hydrother 
coefficien 
; 
S 
t 
3 


230} 0,4] 9,9} 41,5] 0,4] 0,3 
363 | 0,6| 24,9 | 41,9 0,7] 0,3 
644} 1,1] 29,5} 2,9] 41,41 0,4 
1498 | 4.2-] 60,1} 10,2} 2,9] 0,9 
259 |—4,4 | 35,0| 6,2] 1,5 


a 
According to the data of the Hydrometeorological Service of Tadzhikistan. 
According to G. T. Selyaninov, the hydrothermal coefficient 10- A/B, where A is the 
annual precipitation in mm, and B is the temperature sum for the sarne period. 


for 327 days). 


When the plates with the cellulose were re- 
moved from the soil they were delivered to a 
laboratory where the state of the cellulose, 
its color, the degree and nature of its decom- 
position, the population and outer appearance 
of the formed colonies were described in de- 
tail, and where the colonies of microorganisms 
were examined under the microscope, separated, 
and placed into test tubes with an agarized 
medium with strips of filter paper for the fur- 
ther purification of the cultures and their de- 
termination.! The most characteristic plates 
(Footnote 1 in next column) 
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with the cellulose were photographed. Then the 
filter paper was removed from the glass and, 
after thorough purification and treatment by the 
Omelyanskiy (14) method, was weighed and the 
magnitude of the decomposition of the cellu- 
lose was calculated in percent of its initial 


weight. 


{The genus of the separated fungi was determined by 
the author in the Alma-Ata Division of Microbiology, 
Soil Science Institute, Academy of Sciences, Kazakh 
SSR, under the supervision of the chief of the Division, 


Z.F. Teplyakova. 
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Fig. 1. - Intensity of the decomposition of cellulose by microorganisms 
in virgin soils by seasons, % 


A - light sierozem; B - typical sierozem; C - dark sierozem; D - typical 
cinnamon-brown soil; E - high-mountain sod-meadow soil. 


Decomposition is plotted upward from zero; soil moisture is plotted down- 


ward: a = mean monthly air temperatures, °C. Depth, cm: 1 - 5-15; 2 - 40- 
50; 3 - 190-200, 
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CELLULOSE DECOMPOSITION 


To determine the influence of agar with which 
the cellulose was glued on its decomposition in 
the soil we made a special experiment, Fif- 
teen plates each with cellulose glued with aqueous 
agar, and non-glued cellulose (wetted with ster- 
ile water) were placed in the soil under identi- 
cal conditions, The results of the experiment 
after mathematical treatment are given in Table 
1, which shows that their standard deviations 
(a) and the mean errors (+ m) are practically 
equal, The accuracy indices of the experiment 
(P) are close for both treatments, while the 
difference in the means (D) is insignificant, 
since it is less than three. From this one 
may conclude that it makes no difference whether 
the filter paper is glued to the glass with aqueous 
agar or not for the comparative determination 
of the decomposition of cellulose by microor- 
ganisms in the soil, The gluing of the filter 
paper to the glass with aqueous agar has many 
advantages, since it insures a better preserva- 
tion of its remains when removing it from the 
soil, especially when it is greatly decomposed. 


The great advantage of the method consists 
in that it allows one to study the microorganisms 
on cellulose in a live state. The colonies, which 
are Clearly visible on the white paper, are easily 
examined under the microscope either directly 
on the plate, or after they are separated ina 
pure culture. The large size of the plate al- 
lows one to observe how the colonies of micro- 
organisms are distributed, how the cellulose chang- 
es, and what is responsible for its decomposition. 


We verified the reliability of the data ob- 
tained on the intensity of cellulose decomposition 
in various soils under natural conditions by 
calculating the degree of accuracy of the experi- 
ment by statistical method. The calculations 
show that a threefold repetition of the experi- 
ment assures, in the majority of cases, a satis- 
factory experimental accuracy and a small stan- 
dard error. 


The accuracy of the experiment (P) with 
virgin light sierozem varies from 1-12; that 
with recently irrigated and old irrigated plowed 
light sierozem, from 8-16; with typical siero- 
zem (virgin and plowed), from 1-16; with dark 
sierozem, from 2-26; with a typical cinnamon- 
brown soil, from 1-47; and with high-mountain 
sod-meadow soil, from 16-24. The mathemati- 
cal treatment of the foregoing material indi- 
cates that the distribution of the intensity of 
cellulose decomposition by microorganisms 
varies little in each soil studied. The variabil- 
ity of the distribution increases from light 
sierozem to typical cinnamon-brown soil, which 
is apparently associated with the increasing con- 
tent of organic matter and the variability in the 
generic and chemical composition of vegetation. 


Since we conducted our investigations and 
observations simultaneously with a group of 
soil scientists on the same soil profiles, it 
gave us the opportunity to obtain data on the 
characteristics of the soils studied. Climatic 
and other major information on the soils 
studied are given in Table 2. 


The results of our experiments are summar- 
ized and shown in Figure 1, Because of the 
varying duration of the experiment in individual 
seasons, the data on the decomposition of 


cellulose by microorganisms in the soil (in per- 
cent of initial weight) were averaged for 3 months 
of each season for easier comparison, Figure 

1 shows data on soil moisture at the beginning 
and end of the experiment and air temperature 
(according to data of the Hydrometeorological 
Service), 


Results of Investigations 


The results of the investigations show that 
favorable conditions for the decomposition of 
cellulose occur only in the upper layers of 
light, typical, and dark virgin sierozems of 
southern and central Tadzhikistan which are 
moist and warm in spring. In the remaining 
seasons this process is strongly repressed or 
altogether absent, at the beginning of summer 
and up to the beginning of winter because of a 
deficiency in moisture, and in winter because of 
the lack of warmth. This can be seen from the 
fact that the decomposition of cellulose was 
intense only in spring (XII-IV, IV-VII), while 
during observations in summer, autumn, and 
winter (VI-IX, VII-X, IX-XIlI) the process was 
either absent or very weak (Fig. 1 


The most favorable and only possible time 
for the decomposition of cellulose in high-moun- 
tain sod-meadow soil is the short summer, from 
mid-July to mid-August, since in the experi- 
ment from the beginning of July to the end of 
September, 1954 (80 days), 33. 8% of the 
initial weight of cellulose decomposed; in the 
other experiment (from mid-August to the 
end of September) there was almost no de- 
composition; while in the experiment which 
lasted from the end of September, 1954 to mid- 
August 1955, i,e., almost a year, about the 
same amount of cellulose decomposed as from 
July to September, 1954 (32.9%). It must be 
assumed that in this case also decomposition 
took place only from July to mid-August. 


The absence of conditions for the decomposi- 
tion of cellulose for most of the year in high- 
mountain sod-meadow soil is confirmed by long- 
period data on monthly mean air temperatures. 
Air temperature varies from -7.9°C to +2.1°C 
in spring; from 5.8 to 9.6°C in summer with a 
maximum in July (10.5°C); from +5.0°C to 
-6.8°C in autumn; and is always negative, below 
-10°C, in winter (see Fig. 1 


In all virgin soils investigated (from light 
sierozem to typical cinnamon-brown soil the 
activity of cellulose decomposition increased 
from the lower to the upper horizons in winter- 
spring and spring-summer, which is apparently 
determined by optimum hydrothermal conditions 
in the upper soil layers in spring and also by 
the better supply here of energy material for 
the microorganisms. In summer, summer- 
autumn, and autumn-winter, the intensity of 
cellulose decomposition increases in the op- 
posite direction, from the upper to the lower 
horizons, The reason for this is apparently the 
relatively higher moisture and more favorable 
temperature in the lower layers of the soil in 
this time of the year. Actually, the investiga- 
tions showed that when the temperature of the 
soil is high in summer and autumn, moisture 
in the upper layers of light sierozems often 
drops much below maximum hygroscopicity, 
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i,e., to a limit at which the development of 
even xerophytic actinomyces and fungi is im- 
possible (10). The deeper soil layers have usu- 
ally a higher moisture content in these seasons. 


In comparing the intensity of cellulose de- 
composition in virgin soils at various elevations 
in Tadzhikistan, we can distinguish the follow- 
ing pattern. In light and typical sierozem, lo- 
cated in the hottest, dry belt, intense cellulose 
decomposition of a short duration takes place 
only in spring when the upper soil layers have 
still enough moisture. At the beginning of 
summer the intensity of decomposition in the 
upper layers decreases sharply and then stops 
completely; in the deeper layers it continues in 
summer. 


At higher elevations with dark sierozems 
and then cinnamon-brown soils the intensity of 
cellulose decomposition drops somewhat in 
spring, but then it lasts for a much longer 
period and does not stop in summer. In the 
high-mountain belt, at an elevation of 3380 m, 
the amount of atmospheric precipitation de- 
creases to the amount in the light sierozem belt 
and simultaneously the temperature drops 
sharply. Therefore, even though the moisture 
content of high-mountain sod-meadow soil re- 
mains higher than in light sierozems, higher 
plants and microorganisms suffer from a de- 
ficiency in heat during most of the year. A 
more or less intense decomposition of cellu- 
lose in the soil takes place here only during a 
short period in summer. There is practically 
no decomposition in the remaining part of the 
year. 


A comparison of the intensity of cellulose de- 
composition in various soils during the period 
of most favorable hydrothermal conditions 
shows that 85%-100% of the cellulose in siero- 
zem soil decomposes during the 90 days of 
spring, while 30%-50%-60% of the cellulose 
in high-mountain sod-meadow soil decomposes 
during the summer, the optimum time for this 
zone, 


Microflora Participating in Cellulose 
Decomposition 


Investigations on cellulose decomposition 
both under natural as well as laboratory condi- 
tions show that the most active role in this 
process is played by fungi and bacteria. Actin- 
omyces also play a certain role init. It is 
difficult to say without special investigations 
whether fungi or bacteria play a predominating 
role in the decomposition of cellulose. We paid 
more attention to the composition of the fungal 
flora in the experiments on cellulose decomposi- 
tion than to the bacterial flora, 


Fungi are widespread in the soils of Tad- 
zhikistan and are very varied. Some of them 
are energetic cellulose decomposers, while 
others are weaker; they are the constant, or 
occasional companions of cellulose microorgan- 
isms. The fungi which participate in the de- 
composition of cellulose in Tadzhik soils belong 
to the following genera: Gliobotrys, Chaetom- 
ium, Trichoderma, Aspergillus, Trichurus, 
Hormidvium, Cladosporium, Monotospora, 


etc. According to the data of Omelyanskiy (15), 
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Teplyakova (21), Pidoplichko (16), and Novogrud- 
skiy (13), individual species of the foregoing fungi 
are more or less strong decomposers of cellu- 
lose. Especially energetic in the decomposi- 

tion of cellulose are the species of the genus 
Gliobotrys, which hydrolyze cellulose to sugar. 
Gliobotrys is found inall the soils studied, andits 
amount increases from light sierozems to typical 
cinnamon-brown soil. This fungus accumulates 
primarily inthe upper soillayers. The largest 
amounts of Chaetomium are found in the lowest hor- 
izons of the soils studied, It sometimes covers the 
plates completely at a depth of 40-50 cm and 190-200 
cm. The genetic composition of fungi found by us in 
various soil groups during the study of the decompo- 
sition of cellulose are presented in Table 3. 


Actinomyces predominate quantitatively in 
the lower horizons of the soils. Bacterial 
decomposition of cellulose is of great import- 
ance. One may sometimes observe the strong 
decomposition of cellulose removed from the 
upper soil layers and the formation of a color- 
less or colored slime. The bacterial decomposi- 
tion of the filter paper at a depth of 40-50 cm 
and 190-200 cm was mostly achieved by non- 
pigmented colonies of bacteria and was ac- 
companied by the formation of dense, small 
holes, being the result of the disappearance of 
cellulose. 


Conclusions 


1. The method of studying one of the most 
important processes — the decomposition of 
cellulose directly in the soil — allows one to 
determine the biological activity of individual 
soil groups during definite time intervals and 
to establish a relation between the microbiologi- 
cal decomposition of cellulose and ambient con- 
ditions. 


2. The investigation of the intensity of the 
biological decomposition of cellulose in 
various soils of Tadzhikistan according to 
vertical zones showed that it depends to a great 
extent on climatic and, in particular, hydro- 
thermal conditions and changes sharply from 
season to season as a result of soil moisture 
and temperature changes at various elevations. 


3. The only possible time for the intense 
decomposition of cellulose in the upper layers 
of sierozem soils is the moist, warm spring; 
in the more moist, but less warm cinnamon- 
brown soils, the decomposition of cellulose 
proceeds less intensely than in the sierozems 
in spring, but it is more prolonged and more 
extensive; in the high-mountain sod-meadow 
soil, cellulose decomposes only during the short 
and comparatively warm summer. 


4, The intensity of cellulose decomposition 
increases from the bottom to the upper layers 
of soil profiles in spring. In summer, autumn, 
and winter, on the contrary, the process 
intensifies toward the deeper soil layer, where 
moisture and temperature conditions are more 
favorable and stable. 


De The principal decomposers of cellulose 
are fungi and bacteria. Fungi are widespread 
and varied in the soils of Tadzhikistan. 
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Table 3 


Generic composition of fungi found on filter paper during experiments on decomposition under 


natural conditions 


Depth, cm 


Soil 


0-10 
40—50 


190—200 


20—30 
40—50 


0—10 
40—50 
190—200 


0—10 
190—200 


0—10 


40--50 
100—110 
150-160 


0--10 
40--50 
190—200 


20—30 
40—50 


0—10 
40—50 


190—200 


5—20 
35—45 


Light, virgin sierozem (Ak-Gaza) 


Gliobotrys, Chaetomium (Ch. subterraneum, Ch. globosum) 

Gliobotrys, Chaetomium (Ch, subterraneum, Ch. globosum, etc. ) 
-Mono-Mucor, Aspergillus, Cladosporium 

Gliobotrys, Chaetomium (Ch, subterraneum, Ch. globosum, ete. ) 
Hormiscium, Trichoderma, Cladosporium, Aspergillus 


Newly irrigated light sierozem (Ak-Gaza) 


Gliobotrys 
Gliobotrys, Chaetomium subterraneum 


Old irrigated light sierozem (Nikhi station, Vakhta valley) 


Gliobotrys, Mucor 
Gliobotrys, Chaetomium (Ch. spirale, etc.), Monotospora 
Gliobotrys, Chaetomium (Ch. spirale, etc. ), Monotospora 


Typical virgin sierozem (Obi-Kiik) 


Gliobotrys 
Gliobotrys, Chaetomium (Ch. subterraneum, Ch. globosum, etc. ) 


Typical plowed sierozem (Obi-Kiik) 


Gliobotrys, Chaetomium (Ch. subterraneum, etc. ), Myrothecium, 
Alternaria, etc. 

Gliobotrys, Chaetomium subterraneum 

Gliobotrys 

Chaetomium subterraneum 


Dark virgin sierozem (Urta-Boz, Gissar valley) 
Gliobotrys, Chaetomium 
Gliobotrys, Chaetomium (Ch. subterraneum, etc.), Stachybolicus 
Gliobotrys, Chaetomium, Helminthosporium 

Dark plowed sierozem (Urta-Boz, Gissar valley) 


Gliobotrys, Chaetomium subterraneum 
Gliobotrys 


Typical virgin cinnamon-brown soil (Takob) 


Gliobotrys 

Gliobotrys, Chaetomium subterraneum, Trichurus, Cephalosporium, 
Penicillium, Macrosporium, Stemphylium, Alternaria 

Gliobotrys, Chaetomium, Rhizopus, Aspergillus, Mono-Mucor 


Virgin, high-mountain sod-meadow soil (Anzob) 


Gliobotrys ; 
Gliobotrys, Chaetomium, Cephalosporium 


BIBLIOGRAPHY No. 19. Tashkent. 
1. VINOGRADSKITY, S.N. 1952. Microbiology 3. IMSHENETSKIY, A.A. 1953. Microbiology 
of soil. Izd. Akad, Nauk SSSR. of cellulose. Izd. Akad. Nauk SSSR. 
2. YELKINA, 0.G. 1954. The nature of 4, KVASNIKOV, YE.L 1957. Microbiological 


mineralization processes in virgin 


sierozems. 


gosudarstvennogo Universiteta, Novaya 
seriya, No. 60, biologicheskiye nauki. 


characterization of soils. Khlopchatnik. 
Trudy Sredne-Aziatskogo Vol. 5. Akad. Nauk UzSSR. 


5. KISELEVA, N.T., L.N. PALETSKAYA, 


165 


10. 


tale 


12. 


13, 


14, 


15. 


16, 


ig 


A.F. ZAKHARCHENKO 


and Ye. A. SOKOLOVA. 1958. Micro- 
flora of meadow-solonchak soils in the 
zone of the middle stretches of the Amu- 
Dar'ya River. Trudy Instituta botaniki 
Akad, Nauk TurkmSSR. Vol. 4. 


KONONOVA, M.M. 1951. Problem of soil 
humus and modern tasks of its study. 
Izd. Akad, Nauk SSSR. 


LAZAREV, S.F. 1954, Bio-organomineral 
complex of irrigated soils of Central 
Asia. Tashkent. 


MISHUSTIN, YE.N. 1938. 
decomposing cellulose. 
IN@s The 


Mycobacteria 
Mikrobiologiya. 


MISHUSTIN, E.N. and O. P. POD" YAPOL'- 
SKAYA, 1953. Microbiology of soils in 
the Kara-Alma sovkhoz. Trudy Poch- 
vennogo instituta im. Dokuchayeva. Vol. 


NOVOGRUDSKIY, D.M. 1946. Micro- 
biological processes in the soils of 
semi-deserts. Mikrobiologiya, 15 (3). 


NOVOGRUDSKIY, D.M. 1949. Natural and 
cultured forms of soil microorganisms. 
Izv. Akad. Nauk Kazatskoy SSR, Seriya 
mikrobiologicheskaya. No. 5. 


NOVOGRUDSKIY, D.M. 1956. Soil 
microbiology. Izd, Akad, Nauk KazSSR. 


NOVOGRUDSKIY, D.M. 1959. Soil humus 
and microbiological factors of its forma- 
tion, Alma-Ata. 


OMELYANSKIY, V.L. 1940. Practical in- 


structions on microbiology. Izd. Akad. 
Nauk SSSR. 
OMELYANSKITY, V.L. 1953. Fermentation 


of cellulose 1895-1913. Selected works. 
Vol. 1. Izd. Akad. Nauk SSSR. 


PIDOPLICHKO, N.M. 1953. 
of coarse forage, Kiev. 


Fungous flora 


POPOVA, YE.G. 1958. Microbiological 
characterization of takyrs and takyr-like 


166 


ilfels 


iis) 


20. 


21. 


22, 


23 


24, 


25. 


26. 


RAZNITSYNA, YE.A. 1947. 


TEPLYAKOVA, Z.F. 1952. 


TEPLYAKOVA, Z.F. 1955. 


KHOLODNYY, N.G. 1935. 


KHOLODNYY, N.G. 1936, 


KHOLODNYY, N.G. 1949. 


soils. Izv. Akad, Nauk SSR, Seriya 
biologicheskaya. No. 6. 


Microorganisms 
in the soils of the Vakhta valley and their 
role in the fertility of the soils. Soils of 
the Vakhta valley. Izd. Akad. Nauk 
TadzhSsR. 


RYBALKINA, A.V. and YE. V. KONONENKO, 


1957. Microflora of soils in the Euro- 
pean USSR. Izd. Akad. Nauk SSSR. 


TEPLYAKOVA, Z.F. 1949. Cellulose-de- 


composing fungi in the soils of Kazakhstan. 
Izvestiya Akad. Nauk KazSSR, Seriya 
pochy. No. 76, vyp. 5. 


Aerobic cellu- 
lose-decomposing microorganisms in 

the soils of Tadzhikistan. Trudy Instituta 
pochvovedeniya Akad, Nauk Kazakhskoy 
SSR, Vol. 1. 


Factors de- 
termining the dynamics of cellulose- 
decomposing microorganisms in soils. 
Izv. Akad. Nauk Kazakhskoy SSR, Seriya 
biologicheskaya, No. 9. 


TEPLYAKOVA, Z. F. 1959. Aerobic micro- 


organisms and the mobilization of organic 
matter in mountain and piedmont soils of 
the Ketmen' range. Trudy Instituta 
mikrobiologii i virusologii Akad, Nauk 
Kazakhskoy SSR. Vol. 3. 


Methods of 
directly observing the microflora of 
soil, Mikrobiologiya, 4 (2). 


Investigation 
of the microflora of soil by culturing 
silt soil. Mikrobiologiya, No, 5. 


: In nature and 
in the laboratory. Izd. Mosk, obshch, 
ispytateley prirody, Moscow. 


ee ee eee eee 
METHODS 
ee SOON Ege Ye ~ aR 


UPWARD MOVEMENT OF SUSPEN 
OF THE STEPPE GROUP 


L.G. BALAYEV, Laboratory of Hydrogeological Pr 
North Caucasus Division, Stavropol' 


The water regime of the soil is one of the 
most important factors determining the type 
of soil formation process. A non-leaching 
type of water regime is characteristic of steppe 
soil formation (7). In the regions with steppe 
soils autumn-winter-spring precipitation ac- 
cumulates in the upper layer of the soil in the 
form of sorbed-suspended moisture (2, 11), 
which plays an essential role in the life and 
development of plants, During the growing 
period suspended moisture is lost by the plants 
not only on transpiration, but also on physical 
evaporation and the movement of water vapor 
into the deeper soil layers. Quantitatively the 
losses of suspended moisture on evaporation 
from the surface considerably exceed the losses 
resulting from the movement of vapor into the 
lower soil layers. Therefore the problem of 
the physical evaporation of suspended moisture 
in steppe soils is of great practical importance, 


The main principles of the process of evapor- 
ation of suspended moisture in various soils 
were studied only recently by Rode (10, 11), 
Bol'shakov (4, 5), Abramova (1), Letunoy (9), 
Burov (6), and others. 


A.A. Rode (2, 11) distinguishes the following 
major cases of the retention of suspended 
moisture in soils: 


1. Structureless sandy soils. Suspended 
moisture is of the wedge, capillary-suspended 
type and cannot move to the evaporation front. 

2. Microstructural clay loam and silty soils. 
Suspended moisture is of the sorbed-suspended 
type. In the moisture interval from minimum 
moisture capacity to the capillary interruption 
point, suspended moisture moves rather easily 
to the evaporation front under the influence of 
sorption forces, from the thicker films of sorbed 
moisture toward the thinner films. 3. Clay loam 
and clay soils with a granular blocky structure, 
Suspended moisture belongs to the interaggregate, 
capillary-suspended type. Only that part of the 
moisture can move toward the evaporation front 
which is wedged at the points of contact between 
aggregates, 4. Structureless or slightly struc- 
tured fine-textured soils. Suspended moisture 
is of the sorbed-suspended type. It is capable 

of moving slowly toward the evaporation front 
under the influence of sorption forces. At 

the capillary interruption point only strongly 
bound water is left in the soil. 


167 


DED MOISTURE IN SOILS 


oblems, Academy of Sciences of the USSR, 


In the present article we do not propose to 
discuss the process of evaporation of suspended 
moisture for all the foregoing cases, but only 
for the second case, that of microstructural 
clay loam and silty soils, 


Method of Investigation 


The hydrological area in which the investiga- 
tions were made is located in the eastern part 
of the Cis-Caucasus, in the region of the high 
steppes of the Terek-Kuma interfluve. The 
climate of the region is dry and hot. The 
amount of precipitation is 340 mm. The ground 
water is located at 29 m. The soils are chestnut 
on coarse, silty clay loams. The maximum 
depth of wetting of the soil by atmospheric pre- 
cipitation is 2.5 m. Soil moisture in the stag- 
nant horizon varies from 6% at a depth of 3.0 
m to 11% at a depth of 26 m in the vicinity of 
the upper boundary of the capillary fringe of 
ground water. 


To conduct the investigation a virgin plot 
10 x 10 m was leveled and diked, A trench 6 m 
deep was dug in its center, Two pore moisture 
tensiometers were placed in the walls of the 
trench at depths of 0.7 m and 3.5 m. 


The moisture tension gages, designed by the 
author, operated on a principal similar to that 
of the Kornev apparatus (8) for measuring the 
suction force of the soil, but were equipped 
with special devices for collecting and removing 
the liberated air from the system (Fig. 1). 
The chambers with gages were placed in the 
soil in such a manner that the porous diaphragms 
were in full contact with the undisturbed soil. 
Water from the chambers seeped into the soil 
until the tension of the liquid in the chambers 
was equal to the tension of water in tke soil pores, 
Gages were connected to the chambers by means 
of vacuum rubber hoses. The measuring device 
of the upper gage was an ordinary pair of piezo- 
metric tubes (Fig. 1), while the lower gage was 
connected to a self-recording vacuum gage of 
the type B. C. C. —410, filled with a liquid. The 
air escaping through the porous diaphragm and 
liberated from the water was collected and re- 
moved from the system by Mariotte vessels 
attached to the wooden facing of the trench, 


After the gages were installed in the trench, 


L.G. BALAYEV 


10 


nl 
lament 
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Figs) ile 


- Tension gage for measuring water in 
pores, 

1 - Mariotte vessel for collecting air pene- 

trating into the chamber; 2 - trench support; 

3 - glass tube 8 mm in diameter; 4 = metal tube 

l'' jn diameter; 5 = fill of moist soils 6 - 

metal tube |'' in diameter; 7 - thick-walled 

rubber hose; 8 - glass tube 8 mm in diameter; 

9 - measuring scale; 10 - chamber of the gage; 

1] - bronze grate; 12 - copper net 0.2 mm in 

diameter; 13 - medium grained sand; 14 - porous 

diaphragm; 15 - soil paste coating. 


the plot was irrigated. The amount of water 
used was designed to wet the soil to minimum 
moisture capacity to a depth of 4.0 m. After 
the water had been absorbed by the soil, the dy- 
namics of the change in the moisture of the 
soil and the tension of pore moisture at the 
upper and lower boundaries of the wetted layer 
were measured. Soil samples for moisture 
determination were taken 4 times from the 
trench 2, 8, 20, and 90 days after wetting, 
and the pore moisture tension was determined 
at various time intervals with the moisture 
tensiometers, 


Results of the Investigations 


Figure 2 gives the results of soil moisture 
determinations at various time intervals after 
wetting. These data show that the content of 
suspended moisture decreased sharply during 
the time of the experiment throughout the 4 m 
of wetted soil. A certain part of the moisture 
was lost as the wetting boundary moved down- 
ward, whereby its rate of movement, which was 


rather considerable in the first days after wetting, 
decreased sharply at the end of the experiment. 
The major part of suspended water was lost in 
physical evaporation. 


The investigations of Rode, Abramova, Bol'- 
shakova, and others showed that suspended _ 
moisture moves upward, toward the evaporation 
front, primarily in the liquid form. The problem 
of the nature of forces governing the upward mi- 
gration of suspended water is of considerable 
interest. To answer this question, let us ex- 
amine the curves of the change in the moisture 
tension in the pores near the upper and lower 
boundaries of the wetted soil layer. Data in 
Figure 3 show that the moisture tension near 
the evaporation surface increased sharply in 
the first days of the experiment (Fig. 3, curve 
1). The tension in the lower part of the 
wetted layer was increasing much more slowly 
(Fig. 3, curve 2). At all times during the ex- 
periment the moisture tension near the evapora- 
tion surface exceeded that in the lower part of 
the wetted soil layer. This fact indicates that 
the upward migration of moisture toward the 
evaporation front occurs as a result of a sharp 
increase of the suction force of the soil in the 
upper part of the soil wetted to minimum mois- 
ture capacity. 


The work of Rode (11) shows conclusively 
that suspended moisture is retained in the soil 
because of sorption forces. Individual, small 
volumes of free water are separated from each 
other by plugs of bound water which form in the 
narrow portions of soil pores and interfere with 
the downward flow of moisture. As we know 
(1, 2, 11) suspended moisture moves rather 
rapidly upward toward the evaporation surface. 
At the same time the resorption of moisture 
downward is very slow at the lower boundary of 
the soil layer wetted to minimum moisture Cca- 
pacity in the presence of a sharp transition be- 
tween wet and dry soil and a considerable mois- 
ture gradient (11). If one assumes that the 
movement of moisture is governed in both 
cases by sorption forces alone, such as differ- 
ence in the rate of movement of suspended 
moisture would be difficult to explain. Let us 
discuss this problem in more detail, using ex- 
perimental data. 


The author made experiments in 1956 on the 
filtration of water in finely-textured clay loams 
under the influence of the moisture tension 
gradient (3). The investigations were made with 
the apparatus shown schematically in Figure 4. 
The instrument consists of two chambers A and 
B, similar in design to the moisture tension 
gages. A soil sample, placed into ring K, was 
pressed against the porous diaphragms of the 
chambers and insulated from the surrounding 
air by sealing the joints with paraffin. The 
movement of water through the soil sample was 
caused by the difference in the water tension 
in chambers A and B, which was achieved by 
placing vessels F and G at various levels. The 
air displaced from the soil during filtration 
pean tero in vessel D and was periodically re- 
moved, 


Table 1 shows the results of several experi- 
ments made on one sample of compacted fine 
clay loam. In all experiments the tension 
gradient remained constant during filtration (with 
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Moisture, % 
5678910 M IZ 13 MIS 16 17 18 19 20.81 22 23.2425 26 27 88 


Depth, cm 


Fig. 2. - Change in the moisture content of the soil on evapor- 
ation of suspended moisture: 

1 - before wetting. After wetting for; 2- 2 days; 3 - 

8 days; 4 = 20 days; 5 - 90 days. 
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Fig. 3. - Moisture tension in pores near the upper and lower boundaries 
of the wetted soil layer. 


1 = gage at a depth of 0.7 m; 2 - gage at a depth of 3.5m; O - air 
entering the porous diaphragm of the gage. 
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Fig. 4. - Diagram of apparatus for studying the move- 


ment of moisture in water-saturated and partially 
; wetted soils, 

1, 2, 3, 4 - stop cock; 5 - outlets; 6 - bronze 
sleeve; 7 - openings with stoppers (opened when 
infiltration of moisture into partially wetted soil 
is studied); 8 - medium-grained sand; 9 - porous 
diaphragm; 10 - bronze net; 11 - grid; 12 = 
level of the liquid. 


Table 1 


Results of experiments on the filtration of water through fine 
clay loams 


Differ. Average 
between 
tensions 

(h2— hy) 


Water tension 
in chamber 


Note: Comma represents decimal point. 


the same tension drop in chambers A and B), rate increased considerably. For instance 

but the average tension in the filtering water with a water tension h, = 50 cm and h, = 90 cm 

was varied: in chambers A and B, respectively, the filtra- 

nee tion rate was Vr = 3.09 cm/day. With water 
hep = 5 . tensions of h, = 400 cm and h, = 440 cm, the 
filtration rate is considerably higher and 
The data in Table 1 show that as the tension in reaches 7.41 cm/day, even though in both cases 
the filtering water increased, the filtration filtration took place under the same tension 
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gradient, 


We assume that this fact is determined by 
the gradual "removal," or thinning of the 
layers of lyosorbed water at the surface of 
soil particles when the moisture tension in the 
pores increases, and the increase of the 
active diameter of the soil pores in which the 
moisture moves. A detailed theoretical and ex- 
perimental substantiation of this conclusion is 
given by Balayev (3). In the case of the upward 
movement of suspended moisture toward the 
evaporation front, it apparently also becomes 
more mobile as a result of the "removal" of the 
films of bound water at the surface of soil par- 
ticles. In this case the sharp increase in the 
moisture tension in the vicinity of the evapora- 
tion surface (Fig. 3) must lead to the elimina- 
tion of a certain amount of plugs of bound water 
in the upper part of the soil layer wetted to 
minimum moisture capacity. As a result a cer- 
tain portion of sorbed-suspended moisture in clay 
loam soils gradually changes into the capillar 
state (first in large and then in smaller nOreaN 
during the evaporation of suspended moisture 
and moves not only under the influence of sorp- 
tion forces, but also under that of meniscus 
forces. That may be the precise explanation of 
the high rate of movement of suspended mois- 
ture toward the evaporation front. 


We showed earlier that the upward movement 
of suspended moisture is determined by a sharp 
increase in the suction force of the soil in the 
vicinity of the evaporation surface. The fact 
that the moisture tensions inthe upper and 
lower portions of the wetted layer differ greatly 
in the same soil under almost identical moisture 
conditions is of great interest (Fig. 3). Without 
attempting to give a full explanation to this fact, 
let us discuss certain of our ideas on this prob- 
lem only with respect to meniscus forces. 


Let us take a Jamin capillary, which clearly 
reproduces the periodical changes of the trans- 
verse cross section of a pore, as a model for 
a soil pore. Figure 5 shows three cases of the 
distribution of the capillary meniscus in a 
Jamin capillary (diagrams I, II, and II). In 
all three cases the angle of wetting (angle @ in 
Figure 5) is of the same magnitude. If the 
capillary meniscus is located in the narrow 
portion of the Jamin capillary (diagram III), the 
radius of curvature of the meniscus will be: 

aK 
Rs = Jeos @ (1) 


Using the simplest geometrical transformations, 
we obtain: for case I 


d 
Re (2) 
2 cos (8 - 5) 
for case II 
a (3) 
2 cos (6 - 3) 


where a is the angle of convergence or diver- 
gence of the walls of the Jamin capillary; and 
dK is the diameter of the capillary at the lo- 
cation of the meniscus. 


The foregoing formulas show that the radius 
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Fig. 5. - Diagrams (1, Il, I!1) of 


the position of the capillary meniscus 
in a Jamin capillary. 
@- angle of convergence of the capil- 
lary walls; @ - angle of wetting; 
Ry, Ro, R3 - radius of curvature 
of the capillary meniscus. 


of curvature of the capillary meniscus depends 
not only on the diameter of the capillary tube 
at the place where it is located, but also on 
the magnitude of the angle of convergence or 
divergence of the walls of the capillary. Various 
magnitudes of the angle a (Fig. 5) in various 
cross sections along the Jamin capillary may 
lead to a great change in the curvature of the 
capillary meniscus, i.e., to the increase or 
decrease of the "active diameter"! of the 
capillary tube. 


Formulas 1-3 show that the radius of curva- 
ture of the capillary meniscus will be at a mini- 
mum when the meniscus is located in the Jamin 
capillary in the position shown in diagram 
I(R, in Fig. 5). At given magnitudes of angles 
@ and a the drop of the meniscus below the 
narrow area of the Jamin capillary may lead 
to a sharp increase in the curvature of the 
capillary meniscus and to a sharp increase in 
moisture tension in pores. 


Proceeding from the foregoing one may as- 
sume that during the evaporation of suspended 
moisture the capillary menisci of the upper soil 
layer gradually change to position I (Fig. 5), 
which is one of the reasons for the increase in 
moisture tension in pores near the evaporation 
front. 
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FREEZING AND THAWING OF SOIL 


UNDER VARIOUS TREATMENTS 


IN THE NORTH KAZAKHSTAN OBLAST’ 


V. YE, KAZAKOV and R.S. AYNIKEYEV, Kazakh State Agricultural Institute 


The nature of the freezing and thawing of 
soil under conditions in Northern Kazakhstan 
is of extreme importance for obtaining a high 
yield of agricultural crops. The method of 
tillage and the sowing time are associated with 
the freezing depth and the nature of thawing of 
the soil. As we know, the spring in northern 
regions is cold and long asarule. Thesoil 
thaws and warms slowly. A tremendous amount 
of solar heat, so necessary to the plants, is 
used on thawing it. As the soil thaws, its upper 
horizon loses more and more moisture and dries 
out. Under such conditions the seeds of spring 
wheat, which are sown early, fall on a cold 
soil, germinate slowly, and the seedlings are 
sparse and very weak. When sowing late there 
is always the danger that the seed will fall on 
a dry soil. 


The problems of the freezing and thawing of 
the soil as related to air and soil temperature 
and also to soil moisture have been studied 
very little in the northern regions of Kazakh- 
stan. No serious attempts have been made to 
substantiate scientifically sowing periods and to 
develop agricultural practices which would ac- 
celerate thawing and slow down the drying of the 
soil in spring. 


We made our experimental studies (on the 
freezing and thawing of soil under various 
treatments) in the fields of the educational 
farm of the Petropavlovsk Technical School 
of the Mechanization of Agriculture. The soil 
is represented by ordinary clay loam cherno- 
zem, which is typical for the most part of the 
Northern Kazakhstan region. 


The experiments were made in wheat stubble, 
sown after black fallow. Thus, the basic 
(autumn) soil tillage was performed under the 
second crop of wheat after black fallow. The 
following methods of tillage were studied as 
basic (autumn) tillage: 5 autumn plowing 
with a plow with a coulter to a depth of 20-22 
em; 2) autumn plowing without a moldboard to 
a depth of 30-35 cm, preceded by discing to a 
depth of 7-8 cm; and 3) autumn discing of 
stubble, twice, to a depth of 7-8 cm. 


With these three systems of autumn tillage 
we studied several systems of seed-bed prepara- 
tion: 1) early spring harrowing + presowing 
cultivation to a depth of 6-7 cm with harrowing; 
2) early spring harrowing + presowing cultiva- 
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tion to a depth of 6-7 cm with harrowing and 
after-sowing rolling with a light roller; 3) 
early spring rolling with a heavy roller and 
harrowing + presowing cultivation to a depth of 
6-7 cm with harrowing; and 4) early spring 
rolling with a heavy roller with harrowing and 
after-sowing rolling with a light roller. 


The rolling was done with rollers filled 
with water, and light rolling with the rollers 
empty. Spring wheat of the variety Akmolinka 
1 was sown with an ordinary drill seeder at a 
rate of 156 kg/ha (4 million seeds). 


The area of each experimental plot was 1 
ha; the experiments were not replicated. No 
measures for snow retention were taken. 


The soil temperature was measured at 1 
p.m. at depths of 5, 10, and 20 cm every 4 days. 
At the same time air temperature was mea- 
sured at a height of 1.5 m. Soil moisture at 
depths of 0-10 cm, 10-20 cm, 30 cm, 50 cm, 
70 cm, and 100 cm was determined during 
the same periods. The determinations were 
replicated 4 times. 


The results of observations on the freezing 
and thawing of the soil depending on the method 
of basic (autumn) tillage are presented in Table 
its 


The freezing depth was least in the soil 
which was disced and then plowed without a 
moldboard to a depth of 30-35 cm. The freezing 
depth in the soil plowed to a depth of 20-22 cm 
with a plow with a coulter was close to that in 
the foregoing soil. The greatest depth of freez- 
ing was observed in the soil disced twice in the 
autumn. 


Soil thawing followed the same pattern, Thaw- 
ing began after the disappearance of snow ap- 
proximately between April 8 and 12, The soil 
that was plowed without a moldboard thawed 
most rapidly. Thawing of the soil plowed with 
a moldboard proceeded approximately as in the 
foregoing soil. Soil disced in the autumn 
thawed most slowly. In the first treatment of 
the experiment the soil was completely thawed 
by May 24, in the second treatment there was 
still a frozen layer of 1.7 cm at this time, and 
in the third treatment the soil thawed completely 
only by June 1. 
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Table 1 


Depth of freezing and thawing of the soil, cm (average for 1957-1959) 


Thawing depth 
Soil treatment Apr.} Apr. | Apr. | May | May May June 
12 20 28 8 16 24 1 
a ene 
Plowed with a plow with a coulter 
to a depth of 20-22 cm 160 | 12,3 | 40,3 | 59,6 | 90,0 |135,3 /158,3 | 160,0 
Plowed without a moldboard to a 
depth of 30-35 cm and previously | 146 | 13,6 | 51,0 | 77,6 | 96,4 |141,0 /146,0 | — 
disced 
Stubble disced twice to a depth of 175 9,3 | 35,3 | 53,3 | 80,0 |127,0 |155,6 175,0 


7-8 cm 
Note. Thawing was determined every 4 days, the data in the table are approxima tely for 
every 8 days. 


Note: Comma represents decimal point. 


Table 2 


Air and soil temperatures in plots under various treatments(average for 1957-1959) 


Average soil temperature a verage soil temperature a 
a depth of 5-10 cm at 1 p.m., a depth of 5-10 cm at 1 p.m., 
Air “6 Air 2A 
_jtem- |"Plowed | Plowedi; tem- d 
Obser-lpera- | witha | without a | Stubble eee “| pera- without a| Stubble 
date |'re |plow with |moldboard| disced date |ture | plow with moldboard| disced 
atl Ja coulter |toa depth} twice toa at 1 {a coulter |to qa depth twice toa 
p.m., Ito a depth | of 30-35 | depth of p.m., {to adepth } of 30-35 | depthof 
cm and ; 


Apr.12] 9)4 0,7 COLT 0,6 |May 24} 26,4 45,0 
Apr.16] 4,3 4,5 1,6 1,5 |June 1] 21,8 18,2 
Apr.201 9.5] 0,8 1,0 0,8 |June10 98.4 22,3 
Apr. 24} 4,3 1,6 1,9 1,6  |June 20] 25,9 19,5 
Apr. 28] 2,8 ies 1,6 1,5 jJune 30) 22,0 18,9 
May 4 | 16,0 fleas) 7,6 7,4. |July15| 923 19,3 
May 8 | 21,5] 10,2 10,5 10,0 |July 30} 48 9 15,2 
May 12} 12,4 7,9 8,3 7,9 |Aug. 20] 19,8 16,6 
May 16} 11,8 9,4 9,5 9,4 


Note: Comma represents decimal point. 


The air temperature patterns at a height of the temperature jump occurred exactly from 
1.5 m and soil temperature patterns at a depth May 4-5. Thus in 1957 soil temperature was 
of 5-10 cm are shown in Table 2. 2.2°C on April 28 and rose to 12.6°C on May 4. 

In 1958 the temperature of the soil was 0.9°C 

It must be noted that there was little dif- on April 28, 4.5°C on May 4, and rose to 10.2°C 
ference between soil temperatures at a depth on May 8. In 1959 the temperature of the soil 
of 5-10 cm in the various treatments of the was 1,2°C on April 28 and rose to 4.7°C on 
experiment. In spring the temperature of the May 4. Cold spells occur frequently after May 
air was considerably higher than that of the 0-8 and the temperature drops for a certain 
soil, while toward autumn this difference dis- period of time. Under the conditions of Northern 
appeared. The most important feature is that Kazakhstan 25-30 days elapse between the time 
the soil temperature remained low throughout the snow disappears from the field and the time 
April and only by May 4 did it jump to 7.5°C when more or less suitable temperatures for 
and then rise gradually, sometimes dropping the sowing of spring wheat set in. During this 
as a result of a drop in air temperature. These long period the soil loses a considerable amount 
observations indicate that temperature condi- of water and its upper horizon sometimes dries 
tions suitable for the sowing of spring wheat out completely. This drying out is the real 
set in only by May 4. It is characteristic that danger when sowing late, while early sowing on 
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SOIL FREEZING AND THAWING 


Table 3 


Soil moisture dynamics depending on the method of tillage in autumn (average for 1957-1959) 


Plowed with a plow with a 


| . e 
coulter to a depth of 20-22 cm pra iced Evie 


oar 
to a depth of 30- 
Ge pine eo euiane to a depth of 7-8 cm 


Determina- previously disced 


tion date 


Moisture, % of the weight of dry soil, at depth of (cm) 


0—10 0—50 | 0—70 | 0—10 | 0—50 | 0—70 | o—10 | o—50 | 0—70 
pela 50,4 — a= 58,6 
. = 52,4 —— —_ 56,3 — = 50,6 — — 
48,9 — = Son — — 50,8 —_— — 
oe 41,2 33,9 — “neo 38,7 — 43,5 — — 
33,7 29,3 — 38,4 34,5 26,9 | 36,0 | 32,0 — 
29,4 27,4 26,0 34,2 32,6 30,4 | 32,8 | 29,9 — 
26,8 25,8 22,0 30,0 28,9 214 eos | 21a eo 
27,9 Aa} Pa tay 30,7 29,0 27,2 | 29,2 | 26,7 | 24,8 
2903 25,9 24,1 31,1 29,0 27,6 | 29,9 | 27,4 | 25,6 
23,4 21,8 20,3 24,7 24,14 2350) (2452 |) 22-90 |e2173 
18,0 18,9 17,6 20,7 Pal Gt 19,9 | 19,9 | 20,2 | 19,4 
16,0 17,1 16,5 18,3 19,7 18,8 | 17,4 | 18,9 | 17,9 
42,9 14,0 13,5 15,2 17,0 AG Sulei4- 20 Sa7eledore 
13,8 ee 14,3 16,4 17,2 16,5 | 14,5 | 15,4 | 14,9 
14,0 ahs}. 14,3 18,5 18,3 47,2 | 16,9 | 16,9 | 15,9 
45,2 14,4 13,4 18,6 47,2 16,3 | 17,9 | 16,2 | 15,3 
18,2 16,8 45,2 20,0 18,4 47,6 | 17,3 | 17,9 | 16,7 


Note: Comma represents decimal point. 


cold soil reduces the crop yield. 


The study of the dynamics of soil moisture 
in the same periods when the temperature and 
depth of thawing were measured gave the fol- 
lowing results (Table 3). 


Data in Table 3 show that from the moment 
the snow disappeared until May 4 when the 
soil temperature rose to 4-5°C, the moisture 
in the upper 10 cm of the soil decreased 
from 50%-58% to 29%-34% and continued to de- 
crease in the following days, in spite of the 
spring harrowing of the stubble. Table 3 gives 
average data for 1957 (very dry), 1958 (medi- 
um), and 1959 (wet). In dry years the mois- 
ture content of the upper horizon decreases 
even more, 


More moisture accumulated in the soil 
plowed without a moldboard to a depth of 30-35 
cm in autumn than in the soil plowed in the 
autumn to a depth of 20-22 cm by the usual 
method with a plow with a coulter. Approxi- 
mately the same amount of water accumulated 
in the soil disced twice in autumn as did in the 
foregoing soil, but as a result of much less 
evaporation from the disced soil its moisture 
content in summer exceeded that of the soil 
plowed with a moldboard. 


In conformity with the moisture dynamics 
in the variously treated soils, the following 
yield of spring wheat was obtained (Table 4), 


Data in Table 4 show that when the soil is 
prepared for the second sowing of wheat after 
black fallow autumn plowing with a plow with 
a coulter is very inferior to the other two 
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methods of tillage, i.e., plowing without a 
moldboard preceded by discing, and discing 

of stubble twice. In the latter case the average 
grain yield in 3 years was only 0.6 cntr/ha 
lower than that obtained over soil plowed deeply 
without a moldboard, while at the same time 
the losses on tillage are much lower. There- 
fore one may limit oneself to surface tillage 
when sowing the second crop of wheat after 
black fallow. 


However, against a background of basic 
(autumn) soil tillage a great role is played 
by the system of presowing cultivation, which 
is directed toward the maximum conserva- 
tion of soil moisture. 


Data on the yield of spring wheat and its 
dependence on the system of basic and pre- 
sowing soil cultivation are presented in Table 


As can be seen from Table 5, heavy rolling 
and harrowing (in tandem) followed by presow- 
ing cultivation increases the grain yield by 46% 
as compared to early spring harrowing followed 
by presowing cultivation. Thus the yield incre- 
ment in the plot plowed in autumn with a mold- 
board was 1.2 entr/ha in 1957, 2.9 entr/ha in 
1958, and 3.0 cntr/ha in 1959. The increment 
in the plot plowed without a moldboard was 2.9 
entr/ha in 1957, 4.5 cntr/ha in 1958, and 3.6 
entr/ha in 1959. The only slightly negative 
results from rolling were obtained in 1957 on 
the plot disced twice in autumn, while in 1958 
and 1959, after the stubble on this plot was 
rolled early with a heavy roller, the incre- 
ment in yield was 2.8 and 1.1 entr/ha, respec- 
tively. 
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Table 4 


Yield of spring wheat sown at various periods depending 
on the method of soil tillage 


Year 


depth of 20- 
22 cm 


4957 
1958 
1959 


Average 


Note; Comma represents decimal 


Grain yield, cntr/ha 
Plowed with {Plowed without 
plow with a |a moldboard 
coulter to a |to a depth of 
30-35 cm and} depth of 7-8 
prev. disced 


tubble disced 
twice toa 


cm 


point. 


Table 5 


Influence of basic and presowing soil tillage on the yield of spring wheat sown early 
(average for 1957-1959) 


Presowing tillage 


Aver, grain 
yield for all 


Autumn tillage iliagemmetheds 


Stubble 
—Plowed 1 Plowed 1 disced 
with plow| without a | twice 

with a_ |moldboard| to a 
coulter to|to a depth| depth 
a depth oflof 30-35 |of 7-8 

20-22 cm and Cm 


cm rev. di 


Harrowing of stubble twice plus presowing culti- 


vation to a depth of 6-7 cm by harrowing, and 
sowing 
Same, but with rolling after sowing 


Rolling of stubble with a heavy roller and harrow- 
ing plus presowing cultiva. to a depth of 6-7 cm 


by harrowing, and sowing 
Same, but with rolling after sowing 


4a verage of 2 years. 


Note: Comma represents decimal point. 


Good results were obtained from rolling 
after sowing with a light roller, both in the 
plot where stubble was harrowed in the early 
spring and then cultivated, and in the plot 
which was rolled in early spring with a heavy 
roller and harrowed and then cultivated and 
harrowed, The average increment in yield after 
after~sowing rolling was 17%-19%. 


The positive results from rolling are attribu- 
table to the better retention of soil moisture 
because of decreased evaporation. The data 
in Table 6 confirm this opinion. 


An increase in moisture from early spring 
rolling was observed in all soils tilled in 
autumn and was higher, the deeper the soil 
was tilled. This increase in rolled soil 
amounted in 3 years to an average of 1.5%-2% 
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of the weight of dry soil, which in the layer 
from 0-70 cm was quite substantial. It should 
be noted that the moisture remained high in 
rolled plots throughout the summer. 


Finally, let us discuss the problem of the 
sowing time of spring wheat in relation to soil 
thawing. It has been known for a long time 
that early sowings of spring wheat give lower 
yields under the conditions in Northern Kazakh- 
stan than sowings at optimum periods. This 
results from the slow thawing and the com- 
paratively low temperature of the soil, which 
slows down germination and weakens the seed- 
lings. Such sowings are more contaminated by 
weeds than sowings in optimum periods. An 
idea about these relationships can be obtained 
from interrelation curves between air and soil 
temperatures and the dynamics of soil moisture 
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Table 


6 


Soil moisture dynamics in various i i 
plots with various basic and i i % 
soil weight in the layer from 0-70 cm (average Pees ere coy eee sage, 


p 
coulter to a depth of 
20-22 cm 


‘Observation Rolling with 
date , 
rowing plus jand harrowi 


presowing |plus presow- 


Owing 

to a depth of 
previous harrowing 

Stubble har-ja heavy roller| Stubble har- 


rowing plus 
presowing 


Oar setae 
with Stubble discing twice 


z mo 
0-35 

es to a depth of 6-7 cm 
Rolling with 
heavy roller ¢ 
and harrow- | harrowin 
ing plus pre- |Plus pre- 


Stieble Rolling witha 

heavy roller 
and harrowin 
lus presowin 


cultivation jing cultivation] cultivation [sowing cultiv. F bei cultivation 
May 4 27,9 28,5 
’ ’ 30,7 
May 8 23.7 24:8 27.44 084 35°5 36°9 
May 12 23,3 24,8 27,0 28.4 25,4 8.7 
May 16 244 25,3 ate) 28.7 28,2 53° 
ay 20,4 21,4 22,6 2413 24,4 50°9 
June 1 17,7 18,6 19,7 20.4 Ti 
June 10 16,7 17,4 18,8 19.4 ae hits 
ed aan 42 15 4 (6's “Ee 18,4 19,1 
June 30 15,8 16,6 17,4 oe re res 
July 15 15,6 16,8 17,7 18.2 Ho ae 
July 30 14,3 14,8 16,3 16,9 15,8 163 
dete 15,4 16,2 4725 18,0 17,4 07 
e .} 9 
g 19,4 20,0 21,5 22,6 20,9 21,8 
Note: Comma represents deiclician point, 
50 60 
» % ols 
g 20 a 
5 i) JO 3 
o is) 
Ee 5 10 - 
— /S ; 
B/2 16 W224 8 1216 1 10 LOGO IO 
Apr. May June July Aug. 
Fig. 1. - Interrelationship between the air tempera- 
ture, that of ordinary chernozem and its moisture 
dynamics (average of 3 years from 1957-1959) 
1 - air temperature at 1 p.m.; 2 - soil tempera- 
ture at a depth of 5-10 cm at 1 p.m.; 3 - soil 
moisture in the layer 0-10 cm, 
(Fig. 1). done on May 9 the seedlings appeared 13 days 


The grain yields of spring wheat under such 
soil and air temperature conditions and mois- 
ture conditions in the upper soil layer present 
the following picture. When sown on May 18, 
when the soil temperature was between 9-10 C 
fand was not lower but increased), the grain 
yield in all rolled experimental plots was 2- 

2.5 times higher than when sowing was done 
on May 9. When sown on May 18, seedlings ap- 
peared after 8 days; while when sowing was 
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later, They were weaker and more sparse, 
Therefore, wheat sowing in optimum periods, 
which usually set in between May 10-12, in the 
Northern Kazakhstan region, is fully substan- 
tiated from the scientific point of view. But 
the optimum period for sowing is very short, 
only about 8 days, and therefore sowing should 
be done in the shortest period possible from 
May 10-12 to 18-20. A further delay in the 
sowing of spring wheat is hazardous for the 
yield. 
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Conclusions 


1, Under conditions of the Northern Kazakh- 
stan Oblast’ the depth of soil freezing reaches 
150-180 cm and greatly depends on the autumn 
cultivation of the soil, The minimum depth of 
freezing was observed in soil plowed deeply 
without a moldboard in autumn, The maximum 
depth of freezing was recorded in a plot where 
the stubble was disced twice in autumn. 


2. Soil thawing in the spring lasts 20-25 
days. It proceeded most rapidly in soil deeply 
plowed without a moldboard in autumn and 
least rapidly in the plot where the stubble 
was disced in autumn. 


3. The soil thaws very slowly and the upper 
horizons of the soil remain cold for a long time. 
The soil thaws completely by May 25-30, Ac- 
cording to temperature conditions the optimum 
period for the sowing of spring wheat sets in 
about May 10-12 and lasts to May 18-20. 


4. The soil accumulates more moisture 
when it is plowed deeply without a moldboard 
in autumn than it does when it is plowed with a 
moldboard. When the stubble is disced in 
autumn under the second crop of wheat after 
black fallow the soil accumulates as much 
moisture as it does when it is plowed in the 
autumn with a plow with a coulter, and evapor- 
ates less in the summer; therefore, the amount 
of water in disced soil is smaller only as com- 
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pared to that in soil deeply plowed without a 
moldboard. 


5. The wheat yield was considerably higher 
in the plot where stubble was disced in the autumn 
and that which was deeply plowed without a mold- 
board than that in the plot plowed with a moldboard 
with a plow with a coulter; therefore, when pre- 
paring soil for the second wheat crop after black 
fallow it is not necessary to plow the soil in 
autumn with a plow with a coulter or to plow it 
deeply without a moldboard; ‘it is sufficient to 
disc the stubble twice, or to stir the soil with 
a shallow moldboard plow. 


6. The rolling of the fall-plowed stubble field 
with a heavy roller followed by harrows, instead 
of harrowing twice in early spring,increases 
the wheat grain yield by an average of 35%-40%, 
while after-sowing rolling with a light roller 
increases the yield by another 15%-18%. There- 
fore the system of soil tillage prior to sowing 
involving early-spring rolling with a heavy roller 
coupled with harrows, the cultivation of the soil 
with harrows (in combination) to a depth of 6-7 
cm, and rolling after sowing with a light roller 
(also coupled) must be subjected to large-scale 
commercial tests in fields plowed in the fall 
and those plowed deeply without a moldboard, 
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USE OF THE RADIOACTIVE ISOTOPE P 
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IN STUDYING PHOSPHORIC ACID MOVEMENT 


IN THICK CHERNOZEM 


P. P. LEVENETS, V.V. Dokuchayev Agricultural Institute, Khar'kov 


The investigations by a number of authors 
showed that because of the intense adsorption 
of the phosphate ion by soil, the phosphorus 
from superphosphate becomes fixed primarily 
in that layer of the soil to which superphosphate 
is applied, and moves only a short distance. 


The weak movement of phosphorus from 
superphosphate in chernozems was demon- 
strated by the investigations of Kostychev (7), 
Sazanov (1), Yegorov (6), Maslova (8), arid 
Avdonin and Milovidova (2), Avdonin and Miloy- 
idova (2) found that the rate of phosphorous 
movement in chernozems considerably increases 


as the soil moisture increases. According to their 


data, phosphorus moved 2.5-3 cm under condi- 
tions of a constant moisture of 60% of the capil- 
lary moisture capacity, and more than 14 cm 
with ample irrigation. 


In conducting experiments on thick cherno- 
zem in 1922, Yegorov (6) found that almost all 
the soluble compounds of superphosphate, 
applied to a depth of 8-10 cm, had moved into 
the upper soil layers after 18 days, forming 
efflorescenses of phosphoric acid salts. 


From the experiments of Avdonin (1) and 
others it was established that plants are most 
sensitive to an increase in the concentration 
of fertilizers in their first stage of growth. 

At the same time Avdonin (1) found that the 
majority of agricultural plants take up non- 
readily available phosphates with more difficul- 
ty in the first stage of their growth than in the 
later stages. 


It was established in recent years (3, 4, 5, 
9, 10, 12 and others) that corn is especially 
sensitive to an increased concentration of 
fertilizers and takes up only little of non-readily 
available phosphates. Therefore it became 
necessary to determine the best place to apply 
fertilizers locally under various soil and climat- 
ic conditions when sowing corn and other 
agricultural crops in order to increase the 
nutrition of young plants and not to create a 
harmful concentration for the seedlings. The 
solution of this problem depends on the biologi- 
cal characteristics of the plants and the rate 
with which nutrients from fertilizers diffuse 
in the soil. 


The use of the radioactive phosphorous iso- 
tope P22 makes it possible to determine more 
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accurately (as compared with other methods) 
the rate of phosphorous movement from super- 
phosphate in the soil and its uptake by plants. 


We conducted our investigations in the thick 
chernozem of the 'Kommunist" sovkhoz, Khar'- 
kov rayon, in 1958 and 1959. Fertilizer, con- 
sisting of 2 g of ordinary superphosphate con- 
taining 60 microcuries of the radioactive phos- 
phorous isotope P32, where applied in spots. 
The diffusion rate of phosphorus was studied 
in corn fields. Superphosphate containing the 
radioactive phosphorous isotope P%? was applied 
in one instance at a distance of 5 cm from and 
2 cm deeper than the corn seeds, and in another 
instance, 5 cm below the corn seeds. In the 
first case the depth to which the fertilizer was 
applied was 10 cm, and in the second case, 13 
cm. 


After applying the fertilizer, the rate of 
phosphorous movement from the superphos- 
phate in the soil and the time and intensity of 
its uptake by corn plants were determined. 


The determinations were based on the radia- 
tion intensity of the radioactive P32 phosphorus 
in soil samples taken at various distances from 
the spots to which the fertilizer was applied and 
at various depths. 


The radioactivity of the soil was measured 
directly in the field by means of a tagged atom 
intensity meter (IMA instrument) with a 'Tula" 
battery. The results of the measurements 
showed that when applied in spots before sowing 
corn, the phosphorus from superphosphate 
moved slowly in a horizontal direction and faster 
toward the surface of the soil, The movement 
of phosphorus in the soil was most intense the 
first days after the application of the super- 
phosphate. Measurements made 15 days after 
the fertilizer was applied to the soil showed 
no further movement of the radioactive phos- 
phorous isotope. 


The content of superphosphate phosphorus 
in milligrams per 100 g of soil was calculated 
from data for P32? decay counts. When tagged 
superphosphate was applied to a depth of 13 cm, 
a "strong" radioactive radiation was observed 
over a radius up to5cm. More than 90% of 
the P,O, in superphosphate concentrated in 
this area. 'Moderate" radiation was observed 
at a distance from 5-10 cm, where 6% of the 
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- Diffusion of radioactive phosphorous in superphosphate 


15 days after applying to soil. 


A - superphosphate applied 5 cm below the seeds; 
phate applied at a distance of 5 cm from and 2 


seeds. Radioactive radiation: 


P05 in superphosphate per 100 g of soil; 
3 - "weak,''! from 0.5-2 mg; 
x - application site of the superphosphate. 


2-6 mg; 
0.5 ma; 


P,O, in superphosphate penetrated, and only an 
insignificant amount of phosphorus moved be- 
yond a distance of 10 cm from the spot to which 
the fertilizer was applied. 


| 


The results of radioactive radiation measure- 


ments showed that radioactive phosphorus 
moved very slowly in dry weather (1 cm/day). 
Phosphorus moved much more rapidly during 
precipitation. 


In comparing Figure 1-A and -B one can see 
that the diffusion rate of phosphorus in the soil 
changed with a difference of only 3 cm in the 
depth of application of tagged superphosphate. 
When the tagged superphosphate was applied 
to the soil at a depth of 10 cm, the distribu- 
tion radius of phosphate was noticeably smaller 
than when the superphosphate was applied at a 
depth of 13 cm. The data show the leading 
role of moisture in the distribution of phos- 
phorus in the soil. 


In addition to field experiments we studied 
the distribution rate of phosphorus from super- 
phosphate in the soil in the laboratory to ex- 
clude the influence of weather conditions. The 
soil sample studied was an average sample 
from the upper horizon of thick chernozem. 
The soil was placed in clean glass tubes 30 cm 
long and 4 cm in diameter. 
phosphate containing 60 microcuries of radio- 
active phosphorus were applied to one end of the 


Two grams of super- 
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B - superphos- 
cm deeper than the 
- "strong!' - more than 6 mg of 
2 - 'moderate,'' from 
4 = "very weak,!'' less than 


tube with soil. Altogether six tubes were used: 
three were filled with non-sterilized soil, while 
the rest were filled with soil sterilized at 110°C 
for 6 hours. Moreover, sterile conditions were 
kept in the tubes: the soil was wetted with 
boiled water and the tubes were sealed with 
sterile cotton. The soil was sterilized to 
determine the role of microorganisms in the 
movement of phosphorus. At the beginning of 
the experiment soil moisture was 40% of total 
moisture capacity and 12 days later it was 
brought to 80%. 


The movement rate of phosphorus in the soil 
was also determined with the tagged atom intensity 
meter, whereby the threshold of intensified 
counts, caused by the radiation of the radio- 
active phosphorous isotope P%2, was recorded. 
The results (Table 1) showed that the diffusion 
rate of phosphorus was practically the same 
in both the sterilized and the non-sterilized 
soils, 


At low soil moisture (40% of total moisture 
capacity) phosphorus moved 1 cm from the 
spot it was applied to in the first day, 2 cm in 
the next 3 days, and then movement practically 
ceased. Twelve days after the beginning of the 
experiment soil moisture was brought to 80% 
of total moisture capacity, whereby the distribu- 
tion rate of phosphorus sharply increased to 1 
em/day in the first 7 days, and then began to 
slow down. 


PHOSPHORIC ACID MOVEMENT 


Table 1 


Diffusion of phosphoric acid from a site of superphosphate in glass tubes with thick chernozem 


Moisture content in % of total moisture capacity 


o |» 


Number of days from fertilizer application to the count 


measurements 3 | 9 {13 {20 |26 | 29 
Phosphorous diffusion, in cm, fro Without sterilizati 
the oa where fertilizers were ekbae aa 143 13.4 1413") 43 
applied to th il PS ea 
- Tee With sterilization 14/313]51]9 [12] 42 


Field and laboratory data showed that at 
low moisture phosphorus is sorbed near the 
spot it is applied to and can be taken up when 
individual granules come in contact with the 
roots. Under such conditions it is very im- 
portant how the places where superphosphate is 
applied are arranged relative to the seeds. The 
selection of such a place is less important 
when soil moisture is high and phosphorus is 
capable of greater movement so that it reaches 
the roots more rapidly. 


To determine the best place for the applica- 
tion of superphosphate, we investigated the 
time and intensity of the nutrient uptake by 
corn plants in the field. To this end we set 
up a special experiment in 1958 by applying 
superphosphate containing the phosphorous iso- 
tope P22 to corn according to the following 
scheme: 


seeds, 

do. Fertilizer was applied 15 cm below the 
seeds. 

6. Fertilizer was applied 25 cm below the 
seeds. 


The radioactive phosphorus (50 millicuries of 
P32) was added to each hole with 2 ¢ of superphos- 
phate powder. 


The radioactivity of individual plant parts 
was measured periodically after the corn seed- 
lings appeared. The first three measurements 
were made with the tagged atom intensity meter, 
the remaining three were made with the B-2 de- 
vice with a face counter. The results of the 
measurements are given in Table 2. 


The phosphorous content was determined by 
the exchangeable molybdenum method (precipi- 


tation by the Lorenz method and further deter- 
mined by the Nissen method). The tagged phos- 
phorus taken up by corn plants from the super- 
phosphate was calculated from the decay count 
of the radioactive phosphorus in samples taken 
from the corn leaves. 


1. Without fertilizer (control). 

2. Fertilizer was applied together with the 
seeds. 

3. Fertilizer was applied at one side of 
the seeds at a distance of 5 cm and 2 cm 
deeper than the seeds. 


4. Fertilizer was applied 5 cm below the It follows from Table 2 that in the first 2-3 


Table 2 


Uptake of phosphorous fertilizer by corn.plants with various placements of tagged super- 
phosphate. Phosphorous (P,O,) content, % of dry weight of corn leaves 


Number of days from germination to the counting 


aS. 
=<! Place of application of 5 pei 13 9 | 
& 2 tagged pee eee aa = 
> to corn before Tag- Tag- Tag- 1] Tag-| total} Tag- 
on sowing Total ae Total eae Total eh Tota eed ota Gul 
ra ra 
4 | Without fertilizer 0,48 =a} 052 0,46} —|0,4% — | 0,35) — 
2 | Into holes with the 
seeds 0,58 | 0,23] 0,56] 0,21] 0,54] 0,24] 0,48] 0,24) 0,43) 0, 26 
3 | 5 cm from and 2 cm 
deeper than the seeds 0,49 — | 0,52} —| 0,48) — 3 0,02] 9,3 
4 | 5 cm below the seeds 0,52 | 0,05) 0,55} 0,05] 0,49] 0,24] 0,44] 0,19 ey 0,2 
5 |15 cm below the seeds 0,47 — | 0,53] — | 0,47| 0,01 0, 4 0,04] 0,41) 0,2: 
6 |25 cm below the seeds 0,49 | — | 0,52 0,09} 0,444 0,03) 0,40, 0,14 


Note: Comma represents decimal point. 
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weeks phosphorus was taken up by plants from 
the superphosphate with a great intensity only 
where the fertilizer had been applied together 
with the seeds or below them. After 2-3 weeks 
phosphorus began to be taken up with almost the 
same intensity by the corn plants in all the 
treatments of the experiment. At this time the 
corn plants developed a secondary root system. 


When superphosphate was applied together 
with the seeds, the great concentration of the 
soil solution slowed down plant growth in the 
first stage of their life, so that the plant weight 
was somewhat lower than that of the control. 
The plant leaves in this treatment of the experi- 
ment had the highest phosphorous content in 
their first stage of life, which apparently had 
an unfavorable effect on the growth of corn. 


The highest growth was obtained when super- 
phosphate was applied 5 cm below the seeds. 
Apparently in this case there was a more favor- 
able concentration of available phosphorus at the 
right time as compared to the other treatments 
of the experiment, which is attributable on the 
one hand to a better contact between the phos- 
phorus and the new rootlets by which the corn 
plants feed during their first days of growth, 
and on the other hand, to the more rapid 
movement of phosphorus toward the seeds. 


Thus, when superphosphate is applied below 
the corn seed, primary roots are more able to 
reach the superphosphate than when it is applied 
on the side of the seeds. 


Conclusions 


1. The radius of phosphorous movement 
from superphosphate is limited to 2-3 cm in 
thick chernozem at low soil moisture (about 
40% of total moisture capacity). At high soil 
moisture (about 80% of total moisture capacity), 
the movement of the phosphorus increases 
considerably (up to 10-15 em in the first 2 
weeks). When superphosphate is applied at a 
distance of 5 cm from the seeds, phosphorus 
is taken up only by occasional corn plants, 
the primary roots of which happen to come 
into contact with the fertilizer (about 20% of 
the plants), untila secondary root system forms; 
when superphosphate is applied 5 cm below 
the seeds, the fertilizer can penetrate to the 
roots of all plants and can be taken up by them. 


2. In field experiments phosphorus from 
superphosphate was taken up with great intens- 
ity during the first 2-3 weeks only by corn 
plants in the experiments where the fertilizer 
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was applied together with the seeds and 5 cm 
below the seeds. Somewhat later phosphorus 
began to be taken up by plants from the fertil- 
izer applied 15 and 25 cm below the seeds. 


3. After the formation of a secondary root 
system, phosphorus began to be taken up by the 
corn plants with the same intensity in all experi- 
mental treatments. 


Received October 12, 1959 
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CHANGE IN HUMUS COMPOSITION IN THE ANNUAL CYCLE 
OF SOD-PODZOLIC SANDY LOAM SOIL 


A.V. BARANOVSKAYA, Central Soil Science Museum, Academy of Sciences, USSR 


The study of the dynamics of the group 
composition of soil humus is of great interest. 
It allows one to determine under what conditions 
the formation of the fraction of humic substances 
occurs and how the physicochemical properties 
of soils change with it. It had already been noted 
by Kostychev (7) that the cohesion of chernozem 
soils decreases after they dry out, that they 
acquire a "fluffy" structure, becoming less 
stable; after prolonged wetting the coherence 
of the soil is restored. 


We observed a considerable increase in the 
solubility of humic substances in samples of 
ordinary chernozem, taken in the early spring 
from the Kamennaya Steppe, Voronezh Oblast' 
and also samples of dark-chestnut soils, taken 
after fields were irrigated, when treating them 
directly with a 0.1 N alkaline solution, as com- 
pared to samples of the same soils taken during 
a dry period. 


Investigations specially devoted to the study 
of the seasonal changes in the composition of 
humus in sod-podzolic, bog, gray forest, and 
chernozem soils and soils of more southern 
groups have been appearing lately (1, 2, 5, 8, 11), 
These investigations show that the group and 
fractional composition of humus change con- 
siderably during the growing period. Thus, 
the total content of humic acids in sod-pod- 
zolic-gley clay loams, of the Leningrad Oblast’ 
somewhat decreases insummer, while it in- 
creases in the autumn, whereby the increase is 
preceded by an increase in the amount of fulvic 
acids (5). The mineralization of humic sub- 
stances predominates in soils of more southerly 
regions during prolonged drying, while humus 
accumulates during colder and wetter periods. 
However, the problems of the rate of these proc- 
esses and their role in the dynamics of soil 
fertility have not been studied enough. 


The seasonal changes in the composition of 
soil humus were studied by us when making 
permanent soil investigations at the scientific- 
experiment station of the Botanical Institute in 
the Priozerskiy rayon of the Leningrad Oblast’ 
in 1958 and 1959. 


Soil samples were taken from experimental 
plots under 1- and 2-year old timothy, 2-year 
old clover, and in black fallow. The plots 
were established on sod slightly podzolic, 
gravelly-sandy loam with a two-layered profile, 
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developed on a gentle slope leading to Lake 
Otradnenskiy. The results of determinations 
of the particle-size and chemical composi- 
tion of this soil are given in Table 1. 


As may be seen from the results of total 
chemical analysis, the soil studied is char- 
acterized by slight podzolization, in spite of 
its acid reaction and its lack of base saturation. 
This is evidenced by the absence of removal of 
sesquioxides and alkali earth bases from the 
upper horizons. The sharp change in the total 
chemical composition from a depth of 40 cm 
is attributable to the two-layered structure of 
the soil-forming parent material. The fact 
that the coarse gravelly sandy loam is under- 
lain at a shallow depth by varved clay deter- 
mines the temporary excessive wetting of soil 
during the spring-autumn period, in spite of 
the fact that it is found on a southern slope. 


To study the group composition of humus, 
we took soil samples from 4 points in each 
plot from a depth from 0-10 cm and immediately 
mixed and passed them through a sieve with 1 
mm diameter openings. Part of a sample was 
analyzed under natural moist conditions, and 
the other part, in an air-dry state. The com- 
position of humus was analyzed by the Tyurin 
method (10), as modified by Ponomareva (9). 


In order to judge of the applicability of the 
given method to the study of the seasonal changes 
in the composition of soil humus, we present 
data on the magnitudes of variations in the con- 
tent of various fractions of humic substances 
for three parallel samples taken from pot ex- 
periments. The pots were filled with soil from 
the plowed layer taken from one of the fallow 
plots in the autumn of 1957. 


The data in Table 2 show that the fluctuations 
in the content of humic acids are relatively small 
in all fractions. The fluctuations in the amount 
of fulvic acids in groups I and Ia are greater. 

As a result of this, the seasonal dynamics of the 
amount of fulvic acids in these fractions is less 
reliable than the changes of the other fractions 
of soil humus. 


Before we examine the results of the study 
of the dynamics of the group composition of 
soil humus, let us briefly describe the weather 
conditions during the years of our observations. 
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Table 1 


i icle-si hemical analyses 
Its of total chemical, particle-size, and c i 
ay of sod slightly podzolic, sandy loam. Profile 56. 


Total composition 


In percent of ignited soil 


Ignition 
loss, 
6) 


Horizon] Depth, 


em SiO; 


80,00 
80,10 
80,50 
68,50 
65,30 
67,50 


11,10 
10,65 
10,68 
16,10 
17,20 
16,70 


0—10 
10—20 
25—-39 
40—50 
50--65 
80—90 


plowed 


Sum of 
fractions 


Particle-size analysis by the pipette method 


% Pre-treat| In 100 parts of fine earths Dt 
Horizon Depth, |°°2@"S€ tment loss,, — | o-0n— 10 00522 <0.01 mm 
ii a Sale 10,25] °365 | °é.01 | ‘Ov008 | “0,001 | <9-00! | in diamete 
| | 
0—10 5,9 1,3 51,3 | 28,4) 7,9] 3,0] 5,7 2,5 11,2 
Bs 40—50 | None 2,0 4,4 | 7,7 | 28,2 | 14,4 | 21,0 | 25,6) 58,0 
BC 55—€5 4 2,7 254° [9-5,7 \i25 12 | 3,271 02440) e27, oe tee ae 
Chemical indices and humus contents 
PH HydrolytidSum.of | Total Ratio be- 
ae PlO- Humus | Nitrog. tween car- 
Horizon} Depth argu |geable aturation me/ 100g |2 wn ote eOE: bon and 
cm |Water| Salt jae BY nitrogen: 
A O—10! 5,6] 4,5 3,9 3,3 45 10,0 2,40 | 0,105 13 
A 10—20) 5,5] 4,4 4,7 2,7 38 10,0 3,00 | 0,07 24 
A 20—30| 5,8] 4,95 3,4 1,7 34 12,5 1,40 | 0,04 20 
By 30—40} 5,9] 4,5 2,3 ie 28 15,0 0,€0 | Not de- <= 
Bs 40—50 None 3,0 3,2 82 15,0 | 0,55 | ter- ‘ 
BC 50—60 iz Not det'd a= Not det'd | 9,50 | mined os 


*+Humus content in the 0-100-cm layer -- 105 metric tons /ha. 


Note: Comma represents decimal point. 


In the spring of 1958 the snow disappeared 
from the experimental plots by the end of April. 
May was wet and cold, warming up only in the 
last week; June was cool and rainy. The hot 
and dry weather at the beginning of July 
changed as early as in the first week to rains; 
sudden cooling took place, which was followed 
by hot weather at the end of the month. August 
was warmer than July, but rains began at its 
end and again cooling set in. September was 
dry and comparatively warm, even though 
night frosts occurred in mid-September. The 
growth of plants in 1958 was intense in spite 
of the cool weather and lasted until October. 
The winter of 1958-1959 was snowy and com- 
paratively warm. The soil was not frozen by 
March 1959, The spring of 1959 was agree- 
able and early, the snow disappeared in the first 
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half of April and the soil began to dry rapidly. 
May was cool and dry; the beginning of June 
was very warm, but there were thunderstorms 
and it became cooler in mid-June. After the 
rains ceased, very hot and dry weather set in 
in early July which persisted until August 25. 
Then drizzles set in and it became cooler. As 
a result of the drought in July and August the 
plants bloomed early in 1959 and the growth 
practically ceased. 


The results of the seasonal composition of 
soil humus are given in Table 3. As may be seen 
from these data, the content of humic acids, di- 
rectly entering the alkaline extract, was rather 
high (35%-37% in the composition of humus) 
during the wet and cold spring and in the be- 
ginning of the summer of 1958 in soil under 


HUMUS COMPOSITION 


Table 2 


Limits of variations in the content of various fractions of 
in slightly podzolic, sandy loam sod soils 


Humic acids 
% 


total 
carbon 


Pot % 
No. |Moisture 


II 
Til 


15,6 
18,8 


humic substances 


Sub- 
stances 
hydrolyz- 
able in 


Fulvic acids Sum of 
hydrolyz- 


able sub- 


1-n H,SO, stances 


Ary ‘ 
he soil samples were taken from 3 growth-ex 


of C-15 cm, from the first fallow plot with 


Note: Comma represents decimal point. 


intensely growing timothy (sown in August 1957). 


It decreased somewhat in summer and fractions 
of humic acids, more strongly fixed to the min- 
eral part of the soil, appeared; their quantity 
increased greatly in September after the warm 
and moderately humid weather, which apparent- 
ly promoted the fixation of humic acids. The 
total content of substances from the fulvic acid 
group varied less than the total content of humic 
acids. In 1958 the amount of fulvic acids in- 
creased somewhat from spring to mid-summer, 
dropped by the end of July, and increased again 
toward autumn, changing in a direction opposite 
to that of the humic acid content. 


The dynamics of the content of humic acids 
in the soil under black fallow was of the 
same nature in 1958 as that under timothy. At 
the end of October, after frosts set in, the 
content of easily available humic acids in the 
soil decreased. It decreased even more by 
January 1959, amounting to 20% of total carbon 
in the soil under timothy, and only to 14% in 
the soil under black fallow. However, in March 
1959 the content of easily available humic acids 
in soil again increased greatly. As was already 
mentioned, the soil was thawed at this time 
under 50-60 cm of snow. From the data ob- 
tained one may conclude that changes in the 
humic state of the soil continue even in winter. 


During the warm and dry spring of 1959, 
the content of easily available humic acids of 
group I was considerably lower than during the 
wet and cool spring of 1958. The summer 
drought had comparatively little effect on the 
change in the group composition of humus, 
which generally was subjected to less consid- 
erable changes during the growing period of 
1959 than it was in 1958, 


Under 2-year clover, where the composi- 
tion of humus was studied only in 1959, the 
content of humic acids in soil was similar to 
that under timothy and in black fallow. The 
content of free fulvic acids in the soil (frac- 
tions separated under direct treatment of the 
soil with 0.1 N H,SO,) varied widely in 1958 
and 1959, reaching a maximum in the soil 
under black fallow in September 1958 and at 
the end of August 1959. 
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periment pots, filled with soil from a depth 


grass seedlings in September 1957. 


Considerable changes occurred also in other 
fulvic acid fractions, but their total content in 
the composition of humus in 1958 changed to a 
lesser degree than the content of humic acids. 
An increase in the content of the group of fulvic 
acids sometimes preceded a certain increase 
in the content of humic acids, a fact which had 
already been noted for podzolic soils (5). 


The second fraction of fulvic acids (entering 
the alkaline extract after the decalcification of 
the soil) was often absent, or comprised a con- 
siderable part of the humus. However, the con- 
tent of this fraction in the composition of humus 
in all soils studied was found to have increased 
in March 1959, It also reached considerable 
values in the summer and autumn of 1959, both 
under clover and under timothy. 


The content of the third fraction of fulvic 
acids (the most strongly bound to the mineral 
portion of the soil and entering the alkaline ex- 
tract only after acid hydrolysis) did not vary too 
greatly, but did not exceed 2%-11% in the com- 
position of humus. 


However, changes in the total content of 
fulvic acids during the various periods of ob- 
servation in 1958 were quite considerable and 
sometimes took place very rapidly: for in- 
stance, the ratio between individual fulvic acid 
fractions and their total content in soils under 
clover changed noticeably in July 1959 during 
several rainy days as a result of the increase 
of the zero aml II fractions of fulvic acids. 


Noticeable seasonal fluctuations were also 
found in the content of the non-hydrolyzable 
residue of humic substances (determined by 
difference). In winter, when the soil was freez- 
ing, the humic substances in it became fixed. 
During dry periods the amount of non-hydrolyz- 
able residue also increased slightly, while during 
periods with high soil moisture, when the solu- 
bility of humic substances increased, the content 
of non-hydrolyzable residue decreased. During 
the prolonged drought in the summer of 1959, 
the group composition of humus changed com- 
paratively little, even though the total content 
of humus during this period decreased slightly 
at all points of observation, including those in 
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Table 4 
Seasonal changes of the fractional composition of organic matter (air-dry samples) 


Non-hydro 
lyzable res, 


(by differ. ) 
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drolyzable 


substances 


is 
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hydrolyzabl 
in 1-NH,SO 


In % of total carbon 


Fulvic acids 


| Total 


lll 


Il 


0 


Total 


Date of samp- 


Humic acids 


Sample 


| Total 


III 


carb 
% 


7 


ling 
Note: Comma represents decimal point. 


No. 


187 


COONAN O19 55 
NaN Nt OO 19 00 SSH COIDSNN 
SIM SIMIN OOM OON mono oD ST 

ooonn 


SINANIQDANDOMM|! MANDAACS 

OO 9 HO OO II S Ononmoo 
Se Ee | 

Ne) 

aoc POO OS ANG. 00 19 sr 

S0nndonwanl aamor 

SDS SH ALAIN NI OD NNN MCI 


SES NS HCE ENCE SS 
GISSH AIDS Se A Te 


SSO ESN NSN ONE) 
SSCtING TON 


SIS ICO ee) Ye) ee 
TRO SNA SCOGHE ||. Sa ee 
on ee Venoeh ealok 
ee ie oe ee 

O RiQAMm ONAN 
AMON 


Sedge sao 


1919 OC Dr O10 19 


Out oOy Ao 
ALAA NOCD IND 


CEYCeYe oe Ne.9) CHIC D Sy 
cO1D OO LO SHH aa 8 nn 


ie) NOODr Or Nxt 19.09 OD 

eA aanaN—a NNNNN 
eee 

= m~OrtOWnN IW MOINS 

SO id OO WE C= 00. T= O>) 


(op) 
fee) ex = 
o ce ae 
Gatien ENC) 
pos st 
ani DGARO eo ot 
LION NHN P And 
© 48. .| Poawa 
Pre pe badtd| 3a oD & 
Se SceaoOs| Been 


Timothy 


A.V. BARANOVSKAYA 


black fallow. 


In order to find out what changes occur in 
the composition of humus when the soil is 
brought to an air-dry state, we analyzed the 
same soil samples after they had been dried. 
The results of the investigations are given in 
Table 4. 


When comparing the results of the study of 
the composition of humus in naturally moist and 
dry samples, it must first of all be noted that 
the observed differences are the greater, the 
greater the soil moisture is when the samples 
are taken. The increase in the amount of 
humic acids in soils after drying, noted by 
Kashchenko (5), was found by us only in those 
samples which were taken in August and in 
late autumn and winter. On the contrary, the 
drying of samples taken in spring and summer, 
and also in September, when the solubility of 
humic substances was high, slightly reduced the 
solubility of humic acids and increased the con- 
tent of non-hydrolyzable residue. This can be 
explained by the aging of colloids during dry- 
ing and their transition to a less soluble state. 


However, a noticeable increase in the mo- 
bility of humic acids during the drying of the 
soil was found in samples taken after the soil 
had frozen. Apparently soil freezing changes 
the dispersion of soil colloids and promotes 
a certain fixation of humic acids. Thus, the 
filtration of extracts from fresh samples of 
frozen soils was slower and the precipitation of 
colloids in alkaline extracts by sodium sulfate 
was reached with more difficulty. 


In order to judge changes in the degree of 
dispersion of humic acids, we determined 
the threshold of coagulation of humic acids 
separated after the decalcification of the soil 
by the method described by Kononova and 
Bel'chikova (6). The results obtained are 
given in Table 5. It was found that humic acids 


from samples taken at the end of October have 
the highest degree of dispersion, judging by 
their resistance to precipitation by electrolytes, 
They did not coagulate even with the addition of 
large amounts of electrolyte (25 meq CaCl, per 
1 liter of humate). Humic acids extracted from 
soil samples taken in September 1958 were 
characterized by a great capacity to precipitation 
by electrolytes and, consequently, by a lower 
degree of dispersion. Humic acids from sam- 
ples taken at the end of July 1958 had the lowest 
coagulation threshold. This points to the fact 
that during the summer of 1958 the humic acids 
extracted from the soils were characterized by 
a lower dispersion and, consequently, a more 
complicated structure, and a higher condensa- 
tion of the aromatic nucleus than during the 
autumn, when they apparently formed anew. 


Conclusions 


1, Considerable seasonal changes in the con- 
tent of individual fractions of humic and fulvic 
acids were found in a sod slightly podzolic sandy 
loam in plots under 1- and 2-year old timothy, 
2-year old clover, and black fallow. 


2. The highest content of humic acids and ful- 
vic acids of group I was found in early spring and 
summer when soil moisture was high, It de- 
creased noticeably in the late autumn of 1958 
and in the winter of 1959 after the soil had 
frozen and increased again in March 1959 when 
the soil thawed. During the comparatively dry 
spring and summer of 1959, the changes in the 
group composition of humus were less consider- 
able. 


3. The fluctuations in the content of humic 
substances of group I were more pronounced in 
fallow than under timothy. This is apparently 
related to the sharper changes in temperature 
conditions in the soil under black fallow, where 


Table 5 


Variations of the coagulation threshold of humic acids of the first group, 
extracted from samples of the plowed layer of sod slightly podzolic soil 


Beginning of 
coagulation 
; CaC 

Time, |meq, 

hours 


Date of 
sampling 


; Cac at) 
4 Time, |meq, Time, Imeq / 
liter o hours 


Partial 
coagulation 


Total 
coagulation 


Notes 


liter 4 hours |liter of 


humat humat m 


Timothy July 29, 1958 |Immed] 44 


Fallow 
Timothy 


July 29, 1958 
Nov. 11, 1958 


Fallow 


Oct. 29, 1958 


Timothy Mar. 19, 1959i[mmed,| 


Fallow Mar. 19, 195 iN 
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| 
4 14 24 6 |Complete 
coagulation 
24 6 pBame 
48 40 |There is no com- 
plete coagulation 
Slightly turbid 
Partial 
coagulation 
Almost complete 
coagulation 
Same 


Absent 
48 16 


24 20 
24 20 
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HUMUS COMPOSITION 


the soil temperature during the day was 3-5°C 
higher than in plots under vegetation. 


4. Seasonal changes in the composition of 
humus in air-dry samples were less pro- 
nounced than in natural moist samples. 


5. Humic acids extracted from samples 
taken in the autumn of 1958, when they apparent- 
ly formed anew, were very resistant to precipi- 
tation by electrolytes and, consequently had 
the highest degree of dispersion. 


Humic acids, extracted from samples taken 
at the end of July 1958, when an increase of the 
degree of condensation of their aromatic nu- 
cleus could have occurred, had the lowest 
threshold of coagulation. 


6. Judging by the data obtained, one may 
assume that the variability in the composition 
of humus in the soils studied is associated to 
a high degree with the seasonal changes in the 
properties of organic soil colloids, particu- 
larly humic acids, the dispersion of which in- 
creases during periods of high soil moisture 
and decreases when the soil dries out. 


Received December 7, 1959 
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INFLUENCE OF PROLONGED, SYST 
OF FERTILIZERS ON HUMUS ACCU 


EMATIC APPLICATION 
MULATION IN SOIL, 


AND THE AGRICULTURAL CROP YIELDS 


N.G. GORODNIY, Ukrainian Academy of Agricultural Sciences 


The role of humus in soil is very diversi- 
fied. It determines the potential fertility of 
soil and at the same time is one of its more 
mobile parts. The growing of agricultural crops 
and the use of organic and mineral fertilizers 
have a great effect on the variations in the 
aoe of humus in soil (2, 3, 4, 6, 7, 8, 9, 11, 12, 
13). 


We studied the influence of organic and min- 
eral fertilizers and their mixtures, depending 
on the duration of application, on soil humus 
under permanent hemp and a rotation with row 
crops, clover, perennial legume-grass mix- 
tures, and pure fallow. The studies were 
made on dark-gray, slightly podzolized clay 
loam in the fields of the All-Union Scientific- 
Research Institute for Bast Culture (city of 
Glukhov, Sumy Region). 


When the experiment was started in 1931 the 
characteristics of the soil were: a pH of 6.65 
of the water extract, a pH of 6.12 of the salt 
extract, a hydrolytic acidity of 3.77 meq ex- 
changeable bases of 17.64 meq/100 g of soil, 
a base saturation of 82.5%, a humus content of 
3.70%, total nitrogen of 0.22%, available phos- 
phorus (according to Kirsanov) of 11.9 mg/100 
g of soil, and available potassium of 4.95 mg/100 
¢ of soil. 


Samples for humus determination were taken 
with the Izmail'skiy auger. The humus content 
was determined by the Tyurin method. The 
results of analyses are given in Table 1. 


As can be seen from the data, the amount of 
soil humus under hemp left unfertilized for 27 
years did not change during this period, while 
in the area where manure was applied at a rate 
of 40 metric tons/ha, the humus content in- 
creased by 1.39%, and when NPK was applied 
at a rate equivalent to 40 metric tons of manure, 
it increased by 0.09%. 


The humus content in the soil increased with 
increasing amounts of manure and hardly changed 
with increased amounts of mineral fertilizers. 
Thus in the plot with permanent hemp to which 
20 metric tons/ha of manure were applied and 
where the total amount of manure applied in 
19 years was 380 metric tons/ha, the humus 
content was 0.94% higher than in the non-fer- 
tilized control area. A double amount of manure, 
640 metric tons/ha in 16 years, increased the 
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content of humus in the soil by 0.45%, i.e., 
almost by 50% more than in the area where 
manure was applied at a rate of 20 metric 
tons/ha. However, when the rate of manure 
application was raised to 80 metric tons/ha, 
the humus content in the soil increased only by 
0.08% as compared to the area to which 40 
metric tons/ha were applied. 


The application of various amounts of mineral 
fertilizers had almost no effect on the accumu- 
lation of humus in the soil. Thus when N,,.P,,- 
Keg and NaooP roo Kean Were applied, the content 
of humus in the soil increased only by 0.11%- 
0.09% as compared to that in the soil of the 
control area. 


Thus, the prolonged, systematic application 
of manure to hemp promoted the accumulation 
of humus in the soil, while the application of 
mineral fertilizers under the permanent crop 
did not produce any change in the humus con- 
tent of the soil, a fact which is corroborated 
by the investigations of Bel 'chikova (1), and 
Gusev (5) on a typical sierozem under old 
irrigation under continuous cotton. 


If one compares the increments of humus on 
manured plots with the amount of manure applied 
during the whole period of the experiment, one 
finds that about 70%-86% of the organic matter 
in manure has mineralized and only about 14%- 
30% turned to humus (Table 2). 


As the amount of manure applied to the soil 
is increased, the mineralization of organic 
matter also increases, while the relative ac- 
cumulation of humus in the soil decreases. Thus 
when 380 metric tons/ha of manure (95 metric 
tons/ha of organic matter) were applied in our 
experiment, the amount of humus in the soil 
increased by 29.2 metric tons/ha, or 30.7% of 
the organic matter added to the soil, while when 
3 times more manure was applied (1280 metric 
tons/ha), the amount of humus in the soil in- 
creased only by 44.1 metric tons/ha, or 1,5 
times more, and was 13.7% of the total amount 
of organic matter added. 


The high mineralization of organic matter 


on strongly manured plots is attributable to the 
ice of microbiological activity (Table 


As the data show, the amount of all physiologi- 
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Table 1 


Influence of various amounts of fertilizer on 
the accumulation of humus in soil 


Humus in % 

after 27-year 

LO hee 
emp 


Amount of 
fertilizer 

used, met- 
ric tons/ha 


Experimental 
version 


Without fertil. 


Man. 20 met. t 
t! 40 Lal 


"! 80 " 
Ni20P99Koo 
Noo0P 100K 240 


Note: Comma represents decimal point. 


isms and of anaerobic denitrifying organisms 
increased 3 and 7 times, respectively. 


The prolonged application of physiologically 
acid fertilizers, such as ammonium sulfate or 
nitrate, superphosphate, and potassium chlor- 
ide, suppresses microbiological processes and 
leads to a decrease in the number of micro- 
organisms in the soil. 


The humus content in the soil is affected not 
only by the amount of fertilizer applied, but 
also on the duration of application (Table 4). 


According to data in Table 4, the 16 appli- 
cations of 40 metric tons/ha of manure in- 
creased the humus content in the soil by 0.33% 
as compared by the 2 applications of the same 
amount of manure. The prolonged application 
of NPK in an amount equivalent to 40 metric 
tons/ha decreased the humus content in the 
soil. When Noo PippKoay Was applied 16 times, 


Table 2 


Accumulation of humus in the soil depending on the amount of manure used 


Applied 
lac Entig Ga 
EBON | Organic 


Treatment { 
periment 


Metric tons/ha 


Manure, 20 

metric tons/ha 380 95 
" 40 640 460 
" 80 1280 320 


beginning : - : : 
of She Bee aa Lee in soil under manure applic. 


Residual 
organic 
matter in 
manure, 


% of that in the} metric % 


control tons/ha 


Accumulation of humus 


0,94 29,2 30,7 
1,39 41,7 26,0 
1,47 44,4 13,7 


Note: Comma represents decimal point. 


Table 3 


Influence of fertilizers on the change in the microflora 
of soil, million per 1 g of soil 


Treatment 


Without fertilizers 
Manure, 20 met. t/ha 
" 40 Ad 
NPK, equivalent to 40 
met. tons of manure 


Nj20P90Kgo 


659 215 
620 294 
1164 654 
380 7 
649 66 


al groups of microorganisms in 1 g of soil al- 
10st doubled in the area where 40 metric tons 
a of manure were applied as compared to the 
ontrol area, while the number of anaerobic 
enitrifying microorganisms increased almost 
times. Where NPK was applied at a rate 
quilvalent to 40 metric tons of manure, the 
umber of physiological groups of microorgan- 
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the humus content in the soil decreased by 0.79% 
as compared to the 2 applications of the same 
amount of mineral fertilizer. 


The humus content in the soil was higher 
after an application of 40 metric tons/ha of 
manure than it was after an application of NPK 


at a rate equal to 40 metric tons of manure; when 


ie 
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Table 4 


Influence of the duration of fertilizer a ae aie on 
humus accumulation in soil, % 


Treatment 


2 times 


Manure, 40 met. t/ha 
NPK, equivalent to 
40 met. tons of man, 


4,80 
4,62 


Fertilizers applied 


Humus in- 


16 times ae 


5,13 
3,83 


Note: Comma represents decimal point. 


Table 5 


Influence of fertilizers on humus 
accumulation in various soil 
layers, % 
Manure 
80 Ha NoooP 100 


40 


Without 


es Hines 


me DDD WO OO 

SS Le Cie 
=] Om 

RSSS2ER 


Note; Comma represents decimal point. 


applied twice it was 0.18% higher and when 
applied 16 times, 1.30% higher. 


These data indicate that the prolonged ap- 
plication of manure to hemp must be considered 
not only as a means of providing plants with 
nutrients, but also as a means of enriching the 
soil with humus. 


Our layer-by-layer determinations of the 
humus content in the soil showed that the in- 
fluence of fertilizers on the change in its con- 
tent is not limited only to the plowed horizon, 
at it also affects the deeper soil layers (Table 


Under prolonged application of manure, the 
humus content increased both in the plowed 
layer and in the deeper layers. Thus, when 
a total of 1120 metric tons/ha of manure (at 
a rate of 80 metric tons/ha) where applied to 
a continuous cropping of hemp, the amount of 
humus increased throughout the entire soil 
profile to a depth of 80 cm. The decrease in 
the humus content under the application of 
mineral fertilizers was limited only to the 
plowed er (0.30 cm), according to data in 
Table 5. 


Judging by our data, the negative effect of 
mineral fertilizers on the accumulation of 
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humus in soil is attributable to the considerable 
decrease in the base saturation of the soil, 

and also to the increase in soil acidity under 
the influence of physiological acid mineral 
fertilizers. We also studied the effect of the 
simultaneous application of manure, mineral 
fertilizers, and lime on the humus content in 
the soil (Table 6). 


As may be seen from Table 6,. the increase 
in the humus content in the soil was almost the 
same when 20 metric tons/ha of manure were 
applied with N,,P,,K,, and when N,, was added 
annually to an application of 80 metric tons/ha 
to continuous cropping of hemp,as when only 
manure was applied. 


A single application of 3.3 metric tons/ha 
of lime annually for 16 years to the area man- 
ured at a rate of 40 metric tons/ha pro- 
moted the fixation of organic substances in the 
soil, The amount of humus in the soil of this 
plot was 0.20% higher than without lime. These 
data fully confirm the conclusions of Kostychev 
(6) that lime intensifies the decay of fresh 
plant residues and inhibits their decomposition 
in the later stages of humification. A single 
application of lime at a rate of 4.3 metric 
tons/ha against a background of mineral fer- 
tilizers leads toa decrease of humus in the 
plowed layer by 0.48% and by 0.56% in the 
sub-plowed layer as compared to the area where 
Nis Po9Kg9 WAS applied without lime. 


Thus, the application of potassium and mag- 
nesium, even in small amounts, against a back- 
ground of mineral fertilizers intensified the 
decomposition of humus in the soil. 


The importance of calcium in the decomposi- 
tion of organic substances in the soil depends 
primarily on the reaction of the medium, as 
pointed out by Sokolovskiy (10). The addition 
of CaCO, to acid soil intensifies the decomposi- 
tion of organic matter, however an excess of 
lime inhibits it. Kononova (7) pointed out that 
lime acts in different directions: on the one 
hand it intensifies the decomposition of readily 
available organic substances, and on the other 
hand it changes part of the decay products into 
amore stable form, this change being ac- 
companied by the formation of cyclic compounds. 


According to the results of our long-term 
experiments made on dark-gray, slightly pod- 
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Table 6 


Influence of manure, mineral fertilizers, and lime on the humus content in the soil, % 


Treatments 


Manure, 20 metric tons/ha 
nity ’ 


20" 
80 yi 
80 " 
NooPasK 
NepPacKas + 20 met. t/ha of 
manure 


Manure, 40 metric tons/ha 


Ny20PaoKoo és 
NieoPooKoo + 4-3 met. t/ha of lime 


Treatments 


4,05 
4,25 
3,85 
3,37 


" 40 ''+3.3met. t/hali 


Nooo? 100 Ko,0 3 9 95 
NoooP 190 Koao t 1.8 cntr/ha of CaMg | 3,50 


9 


Note: Comma represents decimal point. 


Table 7 


Influence of manure and perennial herbs on humus accumulation in soil, % 


Treatment 


Without fertilizers 


Manure, 40 metric tons/ha 
vy: 80 W ” 


N29) 20e80 
26 met, t/ha of man. + NoP4sKys 


Note: Comma represents decimal point. 


zolic clay loam (Table 7) and experiments 
conducted at the experimental field of the Mos- 
cow Agricultural Academy im. K. A. Timirya- 
zev on podzolic soil and at the Sumy experi- 
ment station on slightly leached chernozem, 

in addition to manure, a favorable influence 

is exerted on the accumulation of humus in 

the soil by clover and perennial legume-grass 
mixtures. 


The application of manure both to continu- 
ous hemp, crop rotation with perennial herbs, 
and fallow row-crop rotation, has a favorable 
influence on the accumulation of humus in the 
soil, As the amount of manure is increased, 
the percent of humus in the soil increases, 


With the same amounts of manure, the 
accumulation of humus in the soil is greater 
in crop rotation with perennial herbs than in 
tilled fallow or continuous hemp. In areas 
which had not been fertilized for 20 years, 
the highest amount of humus (4.45%) was 
found under crop rotation using perennial 
legume-grass mixtures, and the least (4.13%) 
under fallow row-crop rotation. 


The prolonged, systematic application of 
mineral fertilizers to hemp lead to a decreased 
amount of humus in the soil both under the con- 
rinuous hemp and under fallow row-crop rota- 
rion. The humus content in the soil against a 
oackground of mineral fertilizers remained 


Continuous 


hemp 


4,37 4,43 4,13 
4,76 5,13 4,86 
5,27 5,14 5,03 
4,27 4,25 3,84 
3,98 4,46 _ 

4,63 5,10 4,70 
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the same only under perennial legume-grass 
mixtures. 


According to the data of Shkonde (14) the 
amount of humus in the soil increased by 0.45% 
as compared to the control plot at the Sumy 
experiment station as a result of a 10-year ap- 
plication of manure to a plot under beets and 
pure fallow rotation; the application of the same 
amount of manure to clover increased the humus 
content by 0.65%. 


The determination of total carbon and the 
carbon in hydrolyzates showed that the richer 
the soil is in organic matter the more of it is 
transformed into hydrolyzate (Table 8). The 
amount of cellulose and hemicellulose in the 
soil varied in the various experimental plots 
parallel with changes in the total content of 
carbon, increasing under the application of 
manure, and decreasing under the application 
of mineral fertilizers. 


Table 9 gives the analysis of water extracts 
from the soil. 


The data in this table show that the prolonged 
application of mineral fertilizers sharply in- 
creases the amount of substances in the soil 
entering the water extract. 


The dried and ignited residue in the water 
extract from the soil with a background of 
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Table 8 


Content of organic carbon in soil 


Treatments Total drol Celiul : : 
. {Hydrolyz eliulose carbon in 
cae pan 1 carbon, % land hemi- ae a Cellulose | “q oF 
% 0 of total |cellulose et of total | carbon, % coil 
weight carbon : 


Fertilizers applied 
eel 


ota 


Without fertilizers 5 0, 

Man, 20 met. t/ha 2,69 0,54 0,30 2,83 0, 0,32 2,76 
" 40 2,78 0,54 0,32 3,18 0,64 0,36 = 
" 80 i 3,00 0,59 0,35 3,99 0,€8 0,45 3,05 

hee Ke 9.68 | 0,52 | 0,29 | 2,46 | 0,54 | 0.28 2,42 
120¥'90*90 2,09 0,51 0,29 2,93 0,51 0,29 2,29 

iz 

Note: Comma represents decimal points. 

Table 9 


Analysis of water extracts in percent of soil weight 


Dry residue 


Water-solu- 
ble humus in 


Treatment mg 0.05 N 
Ignited KMnO, per 
100 g of soil 
Without fertilizers 0,0631 | 0,0492 | 0,0078 | Trace | 0,0097 32,35 
Manure, 40 metric t/ha | 0,1076 0,0595 | 0,0149 1 0,0135 66,95 
NPK, equivalent to 40 
metric t/ha of manure | 0,3008 0,1770 | 0,0268 | 0,0005 | 0,0327 69,00 


ee 


Note: Comma represents decimal point. 


mineral fertilizers is four times higher as 
compared to the soil in the non-fertilized plot 
and almost three times higher than in the 
manured soil. The amount of water-soluble 
humus in soil with a background of mineral 
fertilizers is twice as high as in the control, 
and is even somewhat higher than when manure 
is applied at a rate of 40 metric tons/ha. The 
increase of SiO,, R,O,, and CaO, as well as of 
water-soluble humus in the water extract, 
points to noticeable changes taking place in 
the adsorption complex of the soil under the 
influence of mineral fertilizers. 


The intensification of the decomposition of 
soil humus under the application of mineral 
fertilizers and under continuous cropping of 
the same agricultural crops was noted by a 
number of investigators. Thus, Waksmann (2) 
points out that it is possible that the humus 
decomposes in the soil under the influence of 
mineral fertilizers and that its decomposition is 
the faster the higher the ratio is between carbon 
and nitrogen. According to the data of the Am- 
erican investigators Salter and Grenn (15), the 
amount of organic carbon in the soil decreased 
by 60% after growing winter wheat without using 
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fertilizers for 30 years, and almost by 50% 
under corn with inter-row cultivation. Accord- 
ing to the data of Konova (7), the decrease of 
humus may reach 40%-60% of its total supply 

in the soil in individual cases under long-stand- 
ing fallow. 


Let us examine yield data. The prolonged 
and systematic application of fertilizers 
affected not only the yield of agricultural 
crops, but also their quality. 


A 27-year cropping to hemp was accom- 
panied annually by increased yield.The average 
yield of hemp straw in 27 years was 13.5 entr/ 
ha, while its average yield in the first 6 years 
was 9.7 cntr/ha. The constancy of the yield of 
hemp straw under its continuous cropping with- 
out fertilizer in the first years and its consider- 
able increase in the following years is attributa- 
ble to the fact that agricultural practices have 
been improved systematically when hemp was 
grown. Thus, the initial plowing at the begin- 
ning of the experiment was done to a depth of 
18 cm and since 1937 changed to a depth of 22 
cm which was found to be more effective for 
the growing of hemp. Since 1952 the less pro- 
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Table 10 


Influence of the prolonged use of fertilizers on the yield of continuous cropping to hemp 


Treatments 
entr/ha| 


Without fertilizers 
Manure, 20 metric tons/ha- 
40 Al hf 


fh 


" 


Nooo Prog Kean, CQuivalent to 40 met. 
tons of manure per ha 


Straw 
1931—1936 


Grain 


1931—1957 


~~ 19311936 
nt/ha| % entr/ha | % 


1931—1957 
nty/ha| % 


Note: Comma represents decimal point. 


ductive varieties of Central Russian hemp were 
replaced by the more productive southern 
varieties, which were harvested for buttons. 


The prolonged application of manure and 
mineral fertilizers promoted the increase in 
the yield of hemp fiber and seed (Table 10). 


The yield of hemp straw increased with in- 
creasing amounts and duration of the applica- 
tion of manure and mineral fertilizers. It in- 
creased on the average in 27 years (Table 10), 
as compared to the control, by 116% in plots 
manured at a rate of 20 metric tons/ha, by 
195% in plots manured at a rate of 40 metric 
tons/ha, by 225% in plots manured at a rate of 
80 metric tons/ha, and by 65% in plots fer- 
tilized with N,)P4.;Ky4;, by 123% in oe fer- 
tilized with N,,)P49Ky,, and by 151% in plots 


fertilized with NoagoPig9Koao- 


When an optimum amount of manure was 
used (40 metric tons/ha) and mineral Ngo Pip. Koao 
fertilizers were applied at a rate equal to 46 
metric tons/ha, the yield of hemp straw was 
higher after manure. It must be noted that 
mineral fertilizers containing nitrogen give 
a higher yield in the first years than those 
containing manure. The decrease in the yield 
of hemp straw against a background of mineral 
fertilizers applied at a rate equal to 40 metric 
tons of manure takes place after the fourth to 
sixth year. 


The yield of fiber in cntr/ha during the first 
2 years was higher after mineral fertilizers, 
while in the following years it was higher after 
manure. The strength and count of fiber was 


Table 11 


Yield of hemp fiber against various backgrounds of fertilizers and preceding crops, cntr/ha 
(15-fold application of fertilizers) 


Continuous hemp 


Treatments 


Without fertilizers 
Lime,: 5.4 metric tons/ha 
Manure, 40 metric tons/ha 
Man., 40 met. t/ha+ 3.3 met. t/ha lime’ 
Ne PcK, 
NiopPooKeo + 4,3 met. t/ha of lime 
200P 100 Koso 

NoooP tooKe4o + 3.6 met. t/ha of Ca,Mg 
Manure, 20 metric tons/ha 

" 20" t/ha + NgoPasKus 
Manure 80 metric tons/ha 

" 80 ? LA; 


NeoPasKe 
| NooPasKas + 20 metric tons/ha of lime 


~-~ ee eo ew ew 


ASMANIAD HW — 


s) wlae 


MIO ROUNOOWEOCODRA 


ois 


Note: Comma represents decimal point. 
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Pure fallow {Peremnial grasses 


2,9 (ip 9,3 4,0 4,7 
255 TeSog | plea) 4 tengo 
10,4 7, 1a) toske\ ees lela 
9,3 Te? 41,7 6,8 10,4 
7,2 8,5 42,4 7,0 9,2 
8,7 7,4 41,9 fee 9,8 
8,0 9,0 12,8] 7,4 9,8 
8,1 8,1 42,4 7,0 9,9 
6.8 | 9.7 |42,9] 7.4 | 99 
9,2 6,8 1102) eed. 9,3 
9,8 7,9 43,4 8,2 12,5 
10,0 6,9 | 12,9} 7,0 | 14,2 
6.5 47 | 1052 Oye 7,9 
7,8 8,3 | 14,4] 7,0 | 90] 


N.G. GORODNIY 


higher after manure than after mineral fertil- 
izers. 


Our experiment allows us to compare the 
effect of the prolonged application of organic 
and mineral fertilizers to continuous cropping 
of hemp, to alternating crops of hemp, clover, 
and potatoes, to perennial grasses, and to 
pure fallow. The effect of fallow row-crop 
rotation and clover on the yield of hemp straw 
is insignificant without fertilizers. However, 
the stems of hemp after all preceding crops 
without fertilization did not exceed 55-60 cm 
and were suitable only for the production of 
short fibers. The prolonged application of 
manure and mineral fertilizers increases the 
yield of hemp two times after all preceding 
crops. 


When applying the same amounts of manure 
and mineral fertilizers, the yield during the 
first years is higher with the mineral fertilizers 
and only later does the indisputable advantage 
of manure manifest itself. The advantage of 
manure in comparison with NPK is shown with 
seeding hemp after hemp in the fourth to sixth 
year, seeding hemp after row-crop in the sixth 
to eighth year, and seeding after perennial grass 
sod in the tenth to eleventh year. 


Pure fallow has a considerably greater ad- 
vantage over the other predecessors of hemp 
when fertilizers are applied for a long time. 

In our experiment, the yield of hemp straw 
after non-fertilized pure fallow was 52.3 cntr/ 
ha, or 33 cntr/ha more than continuous cropping 
to hemp, and 17.1% more than perennial grass 
sod. Pure fallow was favorable for the yield of 
hemp straw in all experimental treatments, in- 
dependent of the amount of fertilizer used of 

the preceding crops. Crops preceding hemp 
have a considerable influence on its yield and 

on the quality of the fiber (Table 11). 


The seeding of hemp after pure fallow and 
after perennial grass sod without fertilization 
resulted in a fiber yield from 5.7-9.3 cntr/ha, 
or 2 to 3 times higher than that of continuous 
cropping to hemp. 


The highest yield of long fiber was obtained 
on pure fallow when 20 metric tons/ha of manure 
were applied to it after perennial grass, when 
40 metric tons/ha were applied to it, and in 
continuous hemp, when 80 metric tons/ha were 
applied to it. 


The application of lime against a non-fer- 
tilized background had little effect on the yield 
of long and total fiber after all the predecessor 
crops studied. The addition of 20 metric tons/ha 
against a long-standing background of mineral 
fertilizers was very effective and resulted in an 
increase in the yield of fiber. It must be noted 
that the count and strength of the long hemp fiber 
after pure fallow and perennial grasses were 
considerably higher than when hemp was grown 
continuously. The introduction of fallow and 
perennial legume-grass mixtures into the hemp 
crop rotation had a positive effect on the yield 
of hemp and increased its quality. 


The prolonged, systematic application of fer- 


tilizers to hemp was also reflected in the yield 
of other crops used in the hemp crop rotation. 
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Thus in 1937, after 2 years of manuring, the yield 
of potato increased by: 50 cntr/ha with the appli- 
cation of 20 metric tons/ha of manure; 60 entr/ha 
with the application of 40 metric tons/ ha of man- 
ure, and 127 cntr/ha with the application of 80 
metric tons/ha of manure. After a 7-year ap- 
plication of manure the increase in potato yield 
was: 86 cntr/ha with the application of 20 

metric tons/ha of manure; 120 cntr/ha, with the 
application of 40 metric tons/ha of manure; 

and by 133 cntr/ha with the application of 80 
metric tons/ha of manure, while that in the con- 
trol area (non-fertilized) was 122 cntr/ha. 


Of the active substances applied with equal 
amounts of manure and mineral fertilizers, 
organic fertilizers were most advantageous 
for the yield of tubers. The application of lime 
to hemp at a rate sufficient to raise the hydroly- 
tic acidity of the soil by one unit had no effect 
on potato yield. 


Backgrounds of varying fertility, created by 
the prolonged and systematic application of 
organic and mineral fertilizers, differed in their 
effect on the grain yield of spring wheat. It 
doubled where manure was applied for a long 
time to hemp at a rate of 40 metric tons/ha. A 
decrease in the amount of manure to 20 metric 
tons/ha reduced the wheat yield by 7%, while an 
increase of manure to 80 metric tons/ha, in- 
creased the wheat yield by 17%. In comparing 
the effect of organic and mineral fertilizers ap- 
plied in equal amounts, one finds that the effect 
of manure is Somewhat better. The application 
of lime to hemp against a background of long- 
standing use of manure and mineral fertilizers, 
as well as against a non-fertilized background 
had no positive effect on the yield of spring wheat. 


The results of the experiment show that the 
yield of barley grain increased also when the 
amount of fertilizers was increased and with 
their increased time of application. Against 
a background of mineral fertilizers the highest 
yield (33.1 cntr/ha) was obtained with an opti- 
mum amount of N,,,P,,Kg,. The yield of barley 
against a background of 40 metric tons/ha of 
manure was 4.4 entr/ha, or 15%, higher than 
after mineral fertilizers applied in an amount 
equal to 40 metric tons/ha of manure. 


The residual effect of lime on non-fertilized 
soil and against a background of mineral fertil- 
izers had a great effect on the increase in the 
yield of barley. The application of lime 
against a background of 40 metric tons/ha of 
manure had a negative effect. As far as the 
yield of oats is concerned, it was by 4.6 cntr/ha, 
or 17%, higher when NKP was applied in an 
amount equal to 40 metric tons/ha of manure 
Wea when 40 metric tons/ha of manure were 
used. 


The highest yield of hay from clover was ob- 
tained when the repeated application of 20 metric 
tons/ha of manure amounted to 48.4 cntr/ha. The 
yield of clover decreased by 6.8 cntr/ha when 
the rate of manure application was increased 
from 20 to 80 metric tons/ha. 


A study of the root system of clover showed 
that the amount of roots, as well as the amount 
and weight of nodules, decreased when the 
amount of fertilizers was increased and they 
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were applied for a long time. In the non-fer- 
tilized plot, the weight of roots was 1.5-2 

times higher than in the plot where 80 metric 
tons/ha of manure were used. The weight of a 
thousand nodules grown in the unfertilized plot 
was 0.183 g, 0.093 g against a background of 

20 metric tons/ha of manure, and 0.032 g against 
a background of 80 metric tons/ha of manure. 


The yield of hay from perennial legume- 
grass mixtures increased after 2 years as a 
result of the increase of the amount of manure, 
The increase in hay yield against the back- 
ground of the prolonged use of manure was 34 
entr/ha, when 20 metric tons/ha of manure 
were applied, 54 cntr/ha with 40 metric tons/ha 
of manure, and 80 entr/ha with 80 metric tons/ha 
of manure. The increase was slightly lower 
against the background of mineral fertilizers 
amounting to 13 cntr/ha with N,,P,,K,., 33 
entr/ha with N,,,P,)Kj9, and 66 cntr/ha with 
NoooP 109 Ke49) While in the control plot with 
perennial grasses it was 55 cntr/ha. 


When comparing the yield of hay from peren- 
nial grasses obtained from the application of 
40 metric tons/ha of manure and from that of 
mineral fertilizers applied at an equivalent 
rate, one sees that its yield is higher under 
the prolonged application of mineral fertilizers. 
The increase in yield was 12 cntr/ha, or 22%, 
as a result of the better development of grasses. 
A single application of lime at the rate sufficient 
to raise the hydrolytic acidity of the soil by one 
unit had a positive effect on the yield of peren- 
nial grasses. 


Conclusions 


1. The prolonged and systematic application 
of manure, as well as the seeding of perennial 
legume-grass mixtures increase the humus 
content in the soil. The highest accumulation 
of humus occurs in the plowed layer, and in the 
lower layers of the soil under the prolonged 
application of high amounts of manure. 


2. The amount of organic matter in manure 
which changed into humus varied from 14%-30%. 
The mineralization of organic substances added 
to the soil under hemp increased with increasing 
amounts of manure and reached a maximum 
(86%) with annual rates of manure of 80 metric 
tons/ha. 


3. When manure and mineral fertilizers 
are applied together, the amount of humus in 
the soil does not decrease as compared to that 
when the same amount of manure is applied 
singly. 


4, The simultaneous application of manure 
and lime promotes the accumulation of humus 
in the soil, while the application of lime against 
a background of mineral fertilizers intensifies 
the mineralization of organic matter. 


5. When fertilizers are systematically 
applied to the soil, the content of mobile 
humus increases, whereby the amount of 
water-soluble humus in the soil to which min- 
eral fertilizers are applied is higher than when 
manure is used, 
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6. Mineral fertilizers, applied in optimum 
amounts of N,..P.)K,, (or equivalent to 40 
metric tons/ha of manure) give higher yields 
of hemp and certain other agricultural crops 
in the first year than did the manure, but later 
their negative influence on the fertility of soil 
becomes felt, and the yield of hemp, potatoes, 
spring wheat, barley, and clover after manure 
exceeds that after mineral fertilizers. 


7. Under the prolonged application of fer- 
tilizers, the stem length and yield of fiber, 
and the count and strength of long fiber are 
higher after manure than after mineral fer- 
tilizers, independent of the crop preceding hemp 
and the amount of fertilizer used. 


Received March 28, 1960 
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CHEMISTRY OF ORTSTEINS IN SOD-PODZOLIC SOILS 


B.N. POL'SKIY, Sumy Pedagogical Institute 


As we know, new formations in the form of 
ortsteins are found in bog, podzolic, and cer- 
tain forest steppe soils. They are rounded, 
pellet-like formations ranging in diameter from 
a fraction of a millimeter to several milli- 
meters. Their maximum accumulation in pod- 
zolic soils is found generally at the boundary 
of the podzolic A, horizon with the illuvial B 
horizon; in bog soils the depth of their accumu- 
lation varies greatly. The relative amounts 
of new formations of ortstein may be exceeding- 
ly great. Thus according to our investigations, 
the sandy peat-bog soils of the second flood- 
plain terrace of the Oka River (Izhev rayon, 
Ryazan' Oblast') contained 30%-40% ortstein, 
and in certain cases more than 50% of the 
weight of the soil. There are known cases 
when new formations of the ortstein type in 
the form of ore-like deposits were mined in- 
dustrially. In this respect it is interesting to 
study the chemical composition of ortsteins, 
which to this day has been insufficiently ex- 
amined in the literature. 


Until now it has been established that ort- 
steins are primarily iron concretions. Rode 
(2) pointed out that: ''The accumulation of 
iron and humic substances is often accom- 
panied by the formation of ortstein. Ortstein 
concretions are new formations which contain 
in addition to silica a large amount of sesqui- 
oxides, and in certain cases also humus, " 
Approximately the same ortstein composition 
was found in his time by V.R. Vil'yams, who 
associated the formation of ortstein with the 
activity of anaerobic bacteria. He noted 
specifically that ortsteinwas very rich in 
phosphorous compounds. Vil'yams believed 
that the reason for this was biogenic accumu- 
lation in the soil resulting from the activity 
of various plant organisms. 


However, the numerical material available 
in the literature which would substantiate the 
foregoing and similar assumptions is very 
scarce. A characterization of the chemical 
composition of ortstein in podzolic soils is 
really found only in the work of Gemmerling 
(1). In this work the author discusses the for- 
mation of the illuvial horizon and the accumula- 
tion in it of various compounds, and briefly ex- 
amines the characteristics of the chemical 
composition of ortstein in podzolic soils. Ac- 
cording to the data of Gemmerling, the total 
content of iron and certain other elements in 


the ortstein of podzolic soils is the following 
(Table 1). 


As can be seen from Table 1, the ortstein 
is primarily rich in iron and also probably in 
aluminum. These data are not sufficient to 
substantiate the assumption of Vil'yams that 
ortstein concretions are very rich in phosphor- 
ous compounds. Ortstein is also fairly rich in 
manganese compounds. On the whole one may 
say that even though the analyses of Gemmer- 
ling do not give a sufficiently complete picture 
of the chemistry of ortstein, they speak of the 
presence in it of a considerable amount of iron. 


We made several new determinations of the 
chemical composition of ortstein in sod-podzolic 
soils. The ortstein for analysis was taken 
from the moderately podzolic clay loam sod 
soil of the Tula forest reserve, the moderately 
podzolic, coarse clay loam sod soil of the 
Meshchera lowland (Spasskiy rayon, Ryazan' 
Oblast'), and the moderately podzolic clay 
loam sod soil of Moscow Oblast' (Kuntsev 
rayon). To obtain more comparable data, 
the ortstein was taken from soils of a similar 
texture and of the same degree of podzolization. 
The size of the ortsteins was approximately 
the same in all three cases and varied from 
1-3 mm in diameter. At the same time they 
were taken from soils of various regions, which 
allowed us to determine certain features of 
their chemistry depending on the place of their 
formation. 


The ortsteins taken for analysis differed 
greatly from each other morphologically. They 
were compact and almost black in the soils of 
the Tula reserve, while in the podzolic soil of 
the Meschchera lowland they were less compact, 
broke down under small pressures, and were of 
a light brownish cinnamon-brown color. The 
ortsteins of the soil in the Moscow Oblast' were 
similar in their compactness to those of the 
Tula reserve, but in contrast were of a cinna- 
mon-brown color, 


The results of summarized total chemical 
analyses are given in Table 2. 


The ortsteins are not homogeneous in their 
chemical composition; they differ rather sharp- 
ly from each other both in their Fe,O, and 
MnO contents. The aluminum content varies 
less and always remains fairly high. 
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Table 1 


Sample No. 


Fe,O,; 


A 1,0,+ P,O, 


Mn,O, fr. Mn,O,) 


Note: Comma represents decimal point. 


Table 2 


Total chemical composition of ortsteins in sod-podzolic soils 


Area from which |Hygro- 


samples were taken {scopic 
H,O 


Fe,O, 


Content, % 


Al,O3 


Tula reserves 2,01 | 58,65} 21,21] 5,06] 15,17} 0,414 | 1,02 | 1,14 | 15,47] 0,54 
Moscow Oblast' 3,02 | 73,01] 18,65] 8,04/10,09| 0,52 | 0,94 | 1,02 | 5,75] 0,43 
Meshchera 

lowland 2,94 | 64,86 | 28,88) 17,01] 11,49] 0,38 | 1,46 | 1,35 | 2,18] 0,48 


Note: Comma represents decimal point. 


In this case we apparently have three definite 
types of ortstein: manganese, iron, and iron- 
manganese. It is interesting to note that as 
the chemical composition of ortsteins changes, 
their morphology changes accordingly. Thus, 
as the percentage of manganese increases they 
acquire a darker color and apparently become 
harder. True, the latter statement needs elab- 
oration, since iron ortsteins, which have a more 
brown color than the manganese ortsteins, also 
in certain cases can be rather hard. As far as 
the content of other elements in them is con- 
cerned, we may note their definite richness in 
phosphorous compounds, as compared to the 
soils, which is in full agreement with the fore- 
going positions of V.R. Vil'yams. 


The single determinations do not allow us to 
make any conclusions on the relative adaptation 
of the foregoing types of ortstein to definite 
areas, but we believe that these data allow the 
assumption to be made that the ortsteins of 


soils from various regions may have a certain 
specificity. The fact that the ortsteins analyzed 
were taken from similar soils allows us to as- 
sume that their specificity is determined not 

as much by the properties of the soil proper as 
by the landscape-related characteristics of its 
formation. 


The determinations of the chemical composi- 
tion of ortsteins taken from soils of various 
regions were recently supplemented by deter- 
minations of the chemical composition of ortsteins 
of various sizes taken from one and the same 
moderately podzolic gleyed sod soil of the Mos- 
cow Oblast' (Tables 3 and 4). 


As we can see, the chemical composition of 
ortsteins from gleyed soil differs sharply from 
that of ortsteins from non-gleyed soils. In par- 
ticular, they contain more iron and aluminum, 
As far as the changes in chemical composition 
are concerned, which are related to size, we 


Table 3 


Composition of ortsteins in moderately podzolic sod soil of different diameters 


Diameter, mm 


Content, % 17 SP 


2—3 | 1—2 


28,55 | 36, 87 


0,25—0,5 <0, 25 


Trace 


13,44 | 4,15 


Note: Comma represents decimal point. 
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Table 4 
Total content of the major elements in ortsteins of various sizes 


Content, % 
Fe,O; 


Diameter, mm 


SiO, Al,0;+P;0; 


45,04 48,14 | 
2—3 44,98 42,16 26,06 


1—2 48,24 44,87 25,03 
0,5—1 53,87 39,76 23,64 
0,25—0,5 98,08 35, 81 21,09 


Note: Comma represents decimal point. 


can note a definite increase of silica and a rela- quently, but in certain cases (podzolic soils 
tive decrease of sesquioxides and manganese of the Tula reserves) the ortsteins are rather 
compounds in small ortsteins.. We believe that rich in manganese compounds. As the size 
this indicates that particles of quartz, or other of the ortsteins decreases, their iron and 
minerals, and rocks are contained in certain manganese content decreases. 

cases in the central part of the ortsteins on 

which compounds of iron, aluminum, and other Received February 22, 1960 


elements are deposited in the same way as they 
are deposited on the faces of structural fragments 
in the B horizon of podzolic soils. 


The foregoing leads to the conclusion that the BIBLIOGRAPHY 
chemical composition of ortsteins in sod-pod- 
zolic soils varies within rather wide limits 1. GEMMERLING, V.V. 1922. Certain data 
and depends on a number of factors (regions of for the characterization of podzolic soils. 
soil formation, size of the ortsteins, and soil Russkiy pochvoved. No. 4-5 
moisture conditions). Ortstein concretions 
rich in iron and aluminum are found most fre- 2, RODE, A.A. 1955. Pochvovedeniye. 
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USE OF ANIONITES IN DETERMINING THE CONTENT 


OF AVAILABLE PHOSPHATES IN SOIL 


L. V. SIDORINA, Scientific Institute of Fertilizers and Insecticides 


The purpose of our work was to investigate 
the possibility of using anionites in the deter- 
mination of available phosphates in the soil 
and also to establish the availability to plants 
of phosphate ions adsorbed by ionites in ex- 
periments with various soils. 


In working out the problem of the method of 
determining available phosphates in the soil 
account was taken of the works of Tepe (13, 14) 
Bergmann (7, 8, 9), Boldin, Karpinskiy, 
Zamyatina (1), and others. When conducting 
experimental studies on plant nutrition, con- 
sideration was given to the investigations of 
Peterburgskiy, Arnon (5, 6), Nostitz (12), 
Converse (10), and others. 


9 


When working out the anionite method of de- 
termining available phosphates in the soil we 
used the EDE-10P anionite which belongs to 
the group of weakly basic anionites but posses- 
ses strongly basic properties because of the 
presence in it of quaternary ammonium groups. 
The exchange capacity of this anionite varies 
depending on the pH of the medium from 1.5 
meq/ g with a pH of 7 to 7.8 meq/g with a pH 
of 1 (2). In its ability to adsorb phosphorus 
from the soil the EDE-10 P anionite is not in- 
ferior to the American strongly basic anionite 
Dowex, as Table 1 shows, which gives the re- 
sults of an experiment on a 1-hour interaction 
between the anionites and the soil. 


In our work we used the anionite in a carbon- 
ate form (treated with a 10% sodium carbonate 
solution and washed until the disappearance of 
an alkaline reaction in the wash water). In 
its interaction with the soil the carbonate 
anionite did not change the pH of the soil sus- 
pension. Chloride anionites should not be 
used in the method since they have an acid 
reaction. 


The method of extracting the phosphate 
ion from the soil with anionites consisted in 
the following: an anionite sample with particles 
from 0.25-0.5 mm in diameter was added to 
100 cm? of distilled water and shaken with the 
soil. Before doing this the soil was ground 
and sieved through a sieve with 0.25 mm open- 
ings. After the anionite and the soil had inter- 
acted for 1 hour, the anionite was separated 
from the soil on a sieve with 0.25 mm openings 
by repeated washing. No phosphorus was found 
in the wash water. The phosphate anion was ex- 
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tracted from the air-dried anionite sample with 

0.2 N HCl or a 10% solution of NaCl and the 

phosphorus in the filtrate was determined by the 

eae method as modified by Schmuck and 
urilo. 


To determine the influence of the time of 
interaction on the extraction of phosphorus from 
the soil (typical sierozem) with the anionite at 
varying ratios between the soiland the anionite, 
experiments were made in which the anionite 
was allowed to interact with the soil from 1 hour 
to 7 days. The results of these experiments 
are given in Table 2. 


The time of interaction had a considerable 
effect on the separation of phosphorus from the 
soil when 10 g of soil were made to interact 
with 2 g of the anionite. With a 1:1 ratio be- 
tween the soil and the anionite, exchange re- 
actions proceeded rapidly. Since in the inter- 
action between the soil and the anionite the ex- 
change reaction takes place in both directions, 
it was interesting to study the course of the 
adsorption of phosphorus by the soil from the 
anionite. In order to do this, the anionite, 
saturated with phosphate ions, was treated with 
samples of various soils by shaking 10 g of 
soil with 2 g of the anionite in 100 ml of dis- 
tilled water. The amount of phosphorus ad- 
sorbed by the soil from the anionite was deter- 
mined from the difference between its amount 
in the anionite before and after its interaction 
with the soil. In spite of the weak adsorption 
of the phosphate ion from the anionite by the 
soil, exchange reactions still took place (Table 
3). 


The least amount of phosphorus adsorbed from 
the anionite by sod-podzolic soil is apparently 
attributable to the greater ability of the ion 
exchanger to sorb and hold phosphorus in an 
acid medium. 


The exchange reactions during the interac- 
tion of the anionite containing phosphorus and 
the soil indicate that the ratio between the soil 
and the anionite plays an essential role in the 
extraction of phosphorus from the soil by 
anionite. The experiment made with typical 
sierozem confirmed the correctness of this as- 
sumption (Table 4). Even with a very wide 
ratio between the soil and the anionite, full 
extraction of the phosphorus from the soil was 
not achieved. 


L.V. SIDORINA 


Table 1 


Extraction of phosphorus from the soil 
(moderately podzolized, fine clay 
loam sod soil) with various anionites, 
mg P,O,/100 g of soil 


Phosphorus extracte 
the anionites 


DOWEX EDE-10P 


Ratio be- 
tween soil 
and anionite 


Note: Comma represents decimal point. 


This relationship was very clear in the soil 
taken from plots which were better supplied 
with phosphorus. The results of the extrac- 
tion of phosphorus from soil with the anionite 
were closest to those of an analysis of extracts 
by the Kirsanov method when the ratio between 
the soil and the anionite was 1:2. 


The results of our experiments show that the 
anionite method deserves attention, but in order 
to obtain relative values, characterizing the 
content of available phosphorus in various soils, 
certain definite conditions of the extraction of 
phosphorus by anionites in relation to the pH 
of the soil, the ratio between soil and the 
anionite, the time of interaction, and the amount 
of phosphates in the soil, must be complied 
with during analysis. This will permit one to 


Table 2 


Influence of the time of interaction of the soil (10 g) 
with the anionite (2 g) on the phosphorus 
extraction 


Duration 


of inter- g of soil 


Duration 


P.O, mg/100 of inter- 


40 minutes 


P,O, mg/100 
¢ of soil 


action 


7 days 


1 


Note: Comma represents decimal point. 


Table 3 


Comparison of the magnitude of phosphate ion adsorption 
from the anionite containing phosphorus by 
various soils 


— 


P.O, mg/100|  % of phos- 


phorus inthe 


of soil anionite 
Typical sierozem 260 49.4 
’ 
Sod moderately podzolic, 
fine clay loam 440 10,0 
Thick chernozem 240 47,9 


Note: Comma represents decimal point. 


The typical sierozem used in this experi- 
ment was characterized by a high content of 
available phosphates (22.9 mg of P,O, soluble 
in 0.5 N CH,COOH in 100 g of soil and 97.6 mg 
of P,O, soluble in 0.5 N HCi by the F. V. Chiri- 
kov method in 100 ¢ of soil). 


In the experiments with sod-podzolic soil, 
taken from plots variously fertilized with 
phosphorus at the Dolgoprudnaya Agricultural 
chemistry Station, the amounts of available 
phosphorus also varied depending on the ratio 
between the soil and the aniopnite (Table 5). 


judge to what degree anionite methods extract 
exchangeable phosphates from the soil. We 
are continuing our investigations in this direc- 
tion. The possibility of the uptake by plants 

of adsorbed ions from ion exchangers has been 
established in many experiments. However, 
not enough attention was paid to the degree of 
fixation of phosphate ions by ion exchangers in 
relation to the pH of the medium at which the 
eaten of the ionite with phosphate ions took 
place, 


Our investigations called for the study of the 
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AVAILABLE PHOSPHATES 


Table 4 


Extraction of phosphorus by the 
anionite depending on the ratio 
between the soil and the 
anionite 


Ratio of soil: 
anionite 


P,0,/100 g of 
soil 


Note: Comma represents decimal 
point. 


the water extract; however, when saturated 
with reece phosphate, the anionite con- 
ees 7% P,O; and that only in an exchangeable 
orm. 


The availability of the sorbed phosphate 
ion to plants was studied against a background 
poor and rich in anions which may contribute 
to the removal of the phosphate ions into the 
solution. Nitrogen was added against the 
background poor in anions in the form of urea 
in two stages (at the beginning of the experiment 
and as top dressing); potassium was added in 
an adsorbed form with the KU-2 cationite. Nitro- 
gen was added against the background rich in 
anions in the form of calcium nitrate, while 
potassium was added in the form of potassium 
chloride; in addition, sodium chloride was 
added for the same purpose of creating a back- 
ground rich in anions. The results of the exper- 


Table 5 


Comparative determinations of available phosphorus in a sod moderately 
podzolized clay loam (long-term experiment with mineral fertilizers 
applications) by various methods 


Amount of P,O, found, mg/100 g of soil 


According to the anionite method at soil: 


P20, added 
during one 0.5 N 
crop ro- 0.2 N HCl lo COOH (ac 
tation, eee ne cording to 
kg/ha REEL Chirikov) 


anionite ratios of 


Comma represents decimal point. 


Note: 


availability to plants of the phosphate ion in 
such an anionite in which the adsorbed phos- 
phate ions are only in an exchangeable and 

not water-soluble form, and also for the study 
of the best conditions for the utilization of ad- 
sorbed phosphate ions in various soils. 


To study these problems pot experiments 
were made with wheat on typical sierozem, 
thick chernozem, and sod moderately podzolic, 
fine clay loam. The experiments were made 
in glass pots 16 x 30 cm. Each pot was supplied 
by 0.5 g of K,O and nitrogen. The amount of 
phosphorus was 0.25 g P,O, per pot. The phos- 
phorus was either in the form of monocalcium 
phosphate or in the form of adsorbed phos- 
phorus with the EDE-10P anionite containing 
phosphorus. 


Taking into account the differential avail- 
ability of the adsorbed phosphate ion depending 
on the reaction of the medium at which the 
anionite was enriched with phosphorus, an anion- 
ite was used in the experiment which was treated 
with a solution of H,PO, or K,HPO,. On treat- 
ment with a solution of phosphoric acid an an- 
ionite was obtained which contained 24% P,O,, 
whereby a large part of the phosphates slowly 
(in analytically measurable quantities) entered 
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iment are given in Table 6. 


There was no substantial difference in the 
development of plants and in yield in plots 
with water-soluble and adsorbed phosphorus 
on typical sierozem, thick chernozem, and 
sod moderately podzolic, fine clay loam. 


The plants took up adsorbed phosphorus 
equally well against all backgrounds. The addi- 
tion to the soil solution of anions in the form of 
soluble salts had no positive effect on the uptake 
of adsorbed phosphorus by plants. 


Conclusions 


Determinations of the content of available 
phosphates in the soil by means of EDE-10P 
anionites and the experimental study of the 
availability of variously adsorbed phosphate 
ions by plants showed that: 


1, With a narrow ratio between the soil (typi- 
cal sierozem) and the anionite (1:0.2) the time of 
interaction of the anionite with the soil has a 
substantial influence on the extraction of phos- 
phorus from the soil. 


L.V. SIDORINA 


Table 6 


: fy ; : ; : . a 
ffect ess of anionites enriched in phosphorus by various methods (yield incremen 
ered eer stae and removal of phosphorus from fertilizers in mg P,O, per pot) 


CO(NHg):+K ’ -4H,O+KCI Ca(NOs)::4H,0+- 
Sources of phosphorus against a back- (cationite) Ca(NOs)s aa +KCI+NaCl 
——_Ra_ eer me Ts a 
oe. Yield ie seal liield | Removal| Yield | 303) 
Experiment with a typical sierozem 
Ca(H_PO,)3-2H30 43,6 | 39,4 10,6 29,6 16,6 48,4 
Anionite treated with H,PO, 45,6 | 52,2 10,6 30,3 20,0 | 52,9 
Anionite treated with K,HPO, 16,7 | 65,2 9,1 ath. 45,6 | 53,2. 
Background (NK) 23,2 | 92,6 29,2 407,5 48,2 | 68,5 
Experiment with moderately podzolic, fine clay loam 
Ca(HPQ,)3-2H:0 10,7 | 43,9| 15,4 89,3 21,3 | 88,1 
Anionite treated with H,PO, 40,4 | 50,7 46,5 84,9 18,0 84,8 
Anionite treated with K,HPO, 9,1 | 54,4 16,5 79,2 45,0 | 74,7 
Background (NK) 34,2 |125,0 26,4 402,9 48,4 | 84,1 
Experiment with thick chernozem 
Ca(H,PO,).* 2H,O 1,9 1 35,4] 12,8 69,9 17,4 | 66,5 
Anionite treated with H,PO, TOvleoesd 45,2 62,7 49,7 83,5. 
Anionite treated with K,HPO, 9,2 | 46,5 13,6 62,7 19,4 68,5 
Background (NK) 28,6 | 99,8] 24,0 96,6 44-2 oa50: 


ee see 


Note: Comma represents decimal point. 


With a 1:1 ratio, more than 90% of the phos- 
phates extracted from the soil with the anion- 
ite, is adsorbed within 1 hour, 


2. The adsorption by the soils (typical siero- 
zem, thick chernozem, and sod moderately 
podzolic, fine clay loam) of phosphorus from 
an anionite rich in phosphate ions points to the 
presence of reversible exchange reactions 
between the soil and the anionite. 


3. During the extraction of phosphorus by the 
anionite from the soil (typical sierozem and 
sod moderately podzolic, fine clay loam) a 
substantial role is played by the ratio between 
the soil and the anionite: the wider this ratio 
is the more phosphorus is extracted by the 
anionite. This relationship is most pronounced 
in soils with a high content of available phos- 
phorus. 


4, To obtain comparable values character- 
izing the content of exchangeable phosphorus 
in various soils, it is necessary to work out 
definite conditions for the extraction of phos- 
phates with anionites depending on the pH of 
the soil, the ratio between the soil and the 
anionite, the time of interaction, and the amount 
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of available phosphates in the soil. 


5. In pot experiments with wheat on typical 
sierozem, thick chernozem, and sod moderate- 
ly podzolic fine clay loam the adsorbed phos- 
phate ion (weakly and strongly sorbed) is not 
inferior to the water-soluble phosphate ion in 
its effect on yield and the uptake of phosphorus. 


6. The addition of anions of water-soluble 
salts to the soil had no positive effect on the 
availability of phosphorus adsorbed by the 
anionite to plants. 
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DETERMINATION OF AMMONIUM IN THE SOIL 


BY THE ACID EXTRACT METHOD 


N. M. MAYBORODA, Krasnoyarsk Agricultural Institute 


Ammonium in the soil must be determined 
in order to characterize microbiological 
processes in the supply of available nitrogen 
to plants (1-11). There is little dissolved 
amonium. It is mainly adsorbed by colloids 
from which it is practically impossible to 
extract with water. Ammonium in the adsorbed 
state is easily extracted with a solution of potas- 
sium (2,3, 4,5, 7,8), or sodium (1, 2) chloride. 
It can be detected in a salt extract by means of 
the Nessler reagent. 


Our investigations revealed that it is impos- 
sible to determine the ammonium content in 
chestnut soils, solonetzic soils, chernozems 
(especially if they are calcareous) accurately 
by means of potassium or sodium chloride. 

The results obtained are usually too low. 

This is attributable to the fact that in the course 
of the analysis of soils having a pH of more than 
7 in the salt extract, ammonium is lost from 
the soil. 


1. Soil adsorption complex NH, + K* = 
Soil adsorption complex K+ NH} 


2. NHj + OH” ~ NH,OH — NH, + H,O. 


The present article gives experimental data 
on the foregoing problem and presents a sugges- 
tion on the use of the acid extract method for 
determining ammonium in soils. 


Various methods were compared under con- 
ditions eliminating the loss of ammonium from 
the soil. To do this the samples were ground, 
sieved through a sieve with 1 mm openings, 
and placed in flat-bottomed flasks which were 
filled with KCl, NaCl, and HCl solutions to 
remove the amonium from the soil. The 
flasks were connected by stoppers and rubber 
tubes to flat-bottomed 100 ml receiving flasks 
which were previously filled with 20 ml of a 
0.001-N H,SO, solution. Then the flasks were 
shaken for 30 minutes. After shaking, the 
solution in the receiving flasks was titrated 
with 0.001 N NaOH with a Congo red or methyl 
orange indicator. Parallel to it ammonium 
in the sulfuric acid solution in the receiving 
flask was determined colorimetrically. To 
avoid errors from the effect of microorganisms, 
1 ml of toluene was added to 20 g of soil. 


The standard methods of determining am- 
monium in the soil were used as a control, 
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including shaking the 20 g sample for 30 minutes 
with 100 ml of a 1 N solution of KCl (5), or with 
600 ml of 0.05 N NaCl (1, 2) and then determin- 
ing ammonium in the filtrate by means of the 
Nessler reagent. The analyses were repeated 
many times. 


The acid method of determining ammonium 
in the soil is based on the fact that ammonium 
is displaced from the soil by the hydrogen ion 
and immediately becomes bound to the excess 
0.05 N HCl, forming the non-volatile compound 
NH,Cl. Then the NH, ions interact with the 
Nessler reagent (Hel) and produce mercuric 
ammonium of a yellow color: 


NH,Cl + 2K,(Hgl,) + 4KOH = HgOHg (NH,)I + 
7KI + KCl + 3H,0. 


The color of the tested solution is compared in 
the colorimeter with the color of the prepared 

standard solution with a known ammonium ion 

concentration in a unit volume. 


Analytical Procedure 


Twenty grams of soil are placed in a 500 ml 
flask to which 1 ml of tuolene and 200 ml of 
0.05 N HCl+ are added, and the entire content 
is shaken for 30 minutes and filtered. The 
first portions of the filtrate are again placed 
on the filter. Twenty milliliters of the pure 
extract are poured into a 200 ml volumetric 
flask and brought to volume with distilled 
water. The flask is shaken to mix the solution. 
Then 20 ml of the diluted solution (or a differ- 
ent amount, depending on the ammonium con- 
tent in the soil) in the 200 ml volumetric 
flask are transferred to a 100 ml volumetric 
flask. About 50 ml of distilled water and 4 ml 
of a 25% solution of Seignette's salt are added 
to the flask in order to prevent the solution from 
clouding as a result of the precipitation of cal- 
cium and magnesium salts. Four milliliters of 
the Nessler reagent are added and the solution 


' Several concentrations of HCl were tested in the 
experiment; the article gives the concentration which 
insures reliable results. Ifa sulfuric acid solution 
is used for this purpose, the filtrate is sometimes 
more cloudy because of the precipitation of gypsum. 


AMMONIUM DETERMINATION 


is brought to volume. Various amounts (10, 

20 ml, etc) of the sample solution of ammon- 
ium chloride are added to the other 100 ml vol- 
umetric flasks in order to compare the intensity 


ml volumetric flask; b is the titrate of the 
sample solution (0.005 mg NH, in 1 ml); k is 
the colorimeter reading for the sample solu- 
tion; 1 is the colorimeter reading for the solu- 


of the color in each flask in the colorimeter, tion tested; n is the soil sample in grams, 


corresponding to the volume of the filtrate in 
the 100 ml volumetric flask; and 1000 is to 
reduce the results to 1 ke of soil. 


The ammonium content in the soil is calcu- 
lated according to the formula: 
_ a*b:1000-k 
nl Reagents 


x 


in mg per 1 kg of moist soil, where X is the 
ammonium content in 1 kg of soil; a is the 
number of ml of the sample solution in the 100 


1. 0.05 N HCl. 


2. Toluene. 


Table 1 


Ammonium content in soils in relation to: the method of determination 


Methods of extracting 
NH,* 
KCl | NaCl HCl 


Moderately thick, leached clay loam 
chernozem O= 205 637) ol g145,6) | e1o,danie 5, 0 
Thick, slightly leached clay loam 
chernozem 20—25 6,8 21,6 200 82150 
Moderately thick, ordinary clay loam 
chernozem 0—20 7,0 24,8 26,0 | 25,3 
Dark-gray, podzolized forest soil 0—20 6,5 16,7 16,2 16,6 
Fine clay loam sod-podzolic soil 0—20 6,4 12,3 43,0 | 12,4 
20—25 6,2 10,6 $4 21a 10,3 
Moderately thick, solonchakized chernozem- 0—10 G2 43,4 13,6 | 16,8 
meadow soil 14—24 7,30) 14470010413 Gal 470 
Thin, gravelly, calcareous southern 
chernozem 0—20 7,4 A2Ge | Oem elone 
Dark-chestnut soil 0—10 Choe i! 15 On| sioea 
Z 15—20 7,5 11,0 | 11,3 | 13,6 


Note: The soil samples were kindly given us by the soil scientists T. Taktayeva, V. Gorbachev, 
and A. Gorelova. 


Note: Comma represents decimal point. 


Table 2 


Comparison of various methods of determining ammonium in alkaline soils which had received 
ammonium sulfate 


Should Found 


pH of the ace 


salt 
extract 


Kcl | Nac} | Hc! 
in mg NH, per 1 kg of soil 
pene etd ye art Ee ee eee 


Dark-chestnut 

Moderately thick, cal. chern. -meadow soil 
Calcareous southern chernozem 
Moderately columnar solonetz 


24,3 | 29,0 
59 aT] 
24,7 | 27,0 
17,9 | 24,5 


‘Note: The column "should have'' summarizes soil ammonium as determined by the HCl 
method with 15 mg NH; applied in the form of an ammonium sulfate solution. 


Note: Comma represents decimal point. 
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3, 25% solution of Seignette's salt (2, 5). 
4, Nessler reagent (1, 2, 5). 


5. Sample solution of NH,Cl. Exactly 0.7405 
g of chemically pure NH,Cl are dissolved and 
brought to 1 liter with distilled water. Part of 
the solution is again diluted 50 times. The 
last sample solution contains 0.005 mg NH, 
rua) 1 iealll, 


Results of Investigations 


The experiment showed that the acid extract 
method gives the same results as salt extracts 
when determining ammonium in neutral and 
acid soils (Table 1). 


The largest amounts of ammonium were 
found by the acid method in soils having a pH of 
>7. The main reason for the differences is 
the loss of ammonium in alkaline soils during 
their treatment with potassium or sodium 
chloride solutions. This is the only way in 
which the presence of ammonium in the receivers 
connected to the flasks in which the soil was 
shaken with the salt solution, can be explained. 
Nitrogen losses can also occur when filtering 
soil and during other operations. When analyz- 
ing soils with a pH of >7, containing a large 
amount of ammonium nitrogen, the losses of 
ammonium when using salt extract methods 
may reach 10 mg/kg of soil. 


It is important to note that when the acid 
method of determining ammonium was used the 
results varied only occasionally by +0.3 mg/ 
ke of soil, but they most often agreed. A good 
agreement between individual tests when using 
the salt extract methods for the analysis of 
ammonium was obtained for neutral and acid 
soils, while they differed considerably (up to 
5-7 mg) for alkaline soils. 


The advantages of the acid method of deter- 
mining ammonium are especially clear when 
analyzing alkaline soils to which ammonium 
fertilizers were added (Table 2). 


These and other data (10, 11) show that 
ammonium fertilizers and manure should be 
applied deeper in alkaline soils. When they 
are applied to a shallow depth ammonium 
can be lost from the soil. This fact was noted 
when liquid manure was applied to the surface 
of solonetzic soils of the ''solontsy"' sovkhoz 
and ammonium fertilizers, to the surface of 
calcareous soils of the "Minderlin" sovkhoz, 
Krasnoyarsk Territory. 
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Conclusions 


A simple acid extract method of determining 
ammonium in soils of varying acidities, which 
does not require complicated equipment has 
been worked out. The method allows the deter- 
mination of ammonium in neutral, acid, and 
alkaline soils. 


Received March 18, 1960 
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SOIL INVESTIGATIONS IN NORTHERN ALASKA 


IS. MIKHAYLOV, Arctic and Antarctic Scientific-Research Institute 


The soils of sub polar regions have been 
studied little until now. The only summarized 
work devoted to them (8) is obsolete to a large 
extent. Following it, descriptions of soils 
only in individual areas of the Arctic and sub- 
Arctic appeared in the literature (1-5), The 
major role in the investigation of these soils 
was played by Soviet scientists. 


Lately the soil scientists of Boston Univer- 
sity have been studying the soil of Northern 


Alaska in the Point Barrow area in great detail. 


Articles devoted to the results of these studies 
(7, 10, 11, 12) contain extensive factual ma- 
terial and interesting conclusions. 


The soils studied most fully are designated 
by the Americans as "Arctic Brown" soils. 
These soils develop in well-drained areas 
with a thick active layer on various rocks 
under moss-shrub vegetation where Salix, 
Dryas, and Cassiope predominate; they have 
a well-aerated profile, are not gleyed, and 
occupy a small part of Alaska. Below we 
give the morphological description of these 
soils (7). 


0-2 cm. Dark-brown to black, peaty 
(found only along the cracks). 


A, 2-20 cm. Dark reddish-brown, gravel- 
ly-sandy clay loam: well-defined granular 
structure, roots are frequently encountered. 


A, 20-45 cm. Brown, gravelly sand; 
considerable changes in color associated 
with the nature of the soil-forming parent 
material. 


A, 45-68 cm. Brown, gravelly sand; 
stratifications of brown, gray, and yellow 
sand, 


C 68cm and deeper. Gray gravel with a 


small amount of sand. 


The foregoing soils have a well-defined 
brown horizon in the upper part of the profile. 


1The English measurements were converted into 
metric units. The designation of horizons is given 
according to the nomenclature of American investi- 
gators. 
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Color does not change over various soil-form- 
ing parent materials. The peaty litter is 
found only at the edges of frost cracks. There 
are no signs of gleization in the soil profile. 


Particle-size analyses (Table 1) and the mor- 
phological descriptions of Arctic Brown soils 
show that they develop on silty sandy loams and 
clay loams. The prevalence of silt is explained 
by the American authors by the fact that they 
are the most stable under arctic conditions. 


The chemical analyses of Arctic Brown soils 
are not complete, but permit one to judge toa 
certain degree of the nature of soil formation 
(Tables 2 and 3). It must be noted that the 
content of organic material in the soil was cal- 
culated differently. Drew and Tedrow (7) took 
it as equal to C x 1.724, while in the article 
of Tedrow and Hill (10) it was taken as C x 2. 
Therefore, we calculated the humus content by 
one system only, C x 1.724. 


The American investigators indicate that one 
of the most characteristic features of Arctic 
Brown soils is the considerable accumulation 
of organic matter in the upper soil horizons, 
where the humus content varies from 11%-16% 
(Table 4). The amount of organic material 
decreases in the lower horizons down to an 
average of 1%, while the illuvial horizon is 
undefined. 


There is an undoubtful relation between the 
color of the soil and the organic matter. Thus 
Drew and Tedrow report that after treating 
the soil with hydrogen peroxide, the brown 
color disappears (7). 


The reaction of the medium is associated with 
the properties of the organic matter (its quantity 
and quality). The reaction of the humus hori- 
zons is acid (pH 3.5-4.3); the parent material 
has a neutral or even alkaline reaction. 


The adsorption capacity of these soils is 
19-20 meq per 100 g of soil, and decreases 
with depth to 1.8 meq (at a depth of 68 cm). The 
adsorption complex in the humus horizon is 
saturated only to 11%; saturation increases in 
the lower horizons, reaching 93% at a depth of 
20-45 cm. Adsorbed Na comprises a consider- 
able amount (5%-10%) of total adsorbed bases, 
There is an accumulation of acid organogenic 
products in the upper horizons. Therefore, in 
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Table 1 


Particle-size analysis of Arctic Brown soil, % (7, 10) 


Particle diameter, mm 


0,05—0,002 


Horizon | Depth, cm 


2,0—1,0}1,0—0,5]0,5—0,25 0,25—0,1 

Ay 0—20 10,0 | 10,9} 16,8 | 24,4 | 10,6 15,5 oo 
Ag 20—45 43,201 15,6 | -32,0 26,9 1,3 3,2 5'0 
Ag 45—68 23,3.) 241) lees Onl aao.0 0,8 2,8 - 
G 68 and 

deeper Sea Zack (20; 00) © 16,6 1,3 6,0 6,2 
Ay 0—20 OFOR Ont 6,4 30,6 2a}, ff 23,8 4,9 10,6 
Aa 20—38 0,4 0,5 9,7 29,6 27,8 21,9 4,9 9,5 
B 38—61 G.0)1 Osi) e10, 91 44,50 me c0ra 12,7 3,7 10,2 
Cc 64 and 

deeper 0,1 1,3 25,95 40,9 13,2 10,6 ., 3,6 5,3 

ee Comma represents decimal point. Table 2 
Chemical data for Arctic Brown soil (7) 
Exchangeable cations, meq/ : r 
Depth, gore a aren g of soil Saturation}/Humus 


capa- ” 
city | Ca” 


Kt | Nat Mgt* 


A 0—20 4,3 |19,2 | 1,05 | 0,20] 0,26] 9,70) 11,09 | 41,48] 0,38 | 18/4 
ik 20—45 6,4 | 3,36 | 1,88 | 0,18 | 0,15 | 0,92 | 93,15 0,68) 0,03 | 16/4 


PR (CATS. Tae blefe P| et. ol OS Cod) CORE Fe a 0,37| 0,04 | 46/4 


Cc 68 and 
deeper | 8.2 | 1,821 a | 0,10] 0,03] @ a | 0,57 0,02 | 16/4 


4free carbonates are found in these horizons. 
Note: Comma represents decimal point. 


its chemical properties, reaction, and satura- the total composition or of its ignited portion. 
tion with bases this horizon differs sharply The impoverishment of the upper horizons in 
from the lower horizons, where acid organic silica may only be apparent if one considers 
substances moving in insignificant amounts the great losses on ignition (42.1%). We calcu- 
from above are compensated for by bases re- lated the amount of silica with respect to ignited 
leased during weathering. It must be noted soil and found that it changes little along the soil 
that the upper horizon is somewhat poor in profile. The upper, humus horizon is somewhat 
alkali earth cations; which is associated either poor in sesquioxides, which may be closely as- 
with their migration along the profile, or with sociated not only with the removal of sesqui- 
their ''mineral" origin. The distribution of oxides, but also with the biological accumula- 
alkali cations indicates that they accumulate tion of other elements, especially alkali and 
biologically and may be associated with the alkali-earth cations. The sesquioxide accumu- 
characteristics of the chemistry of the vege- lation horizon, which is so typical for podzolic 
tation of the region described. soils, is lacking. The ratio between silica and 
sesquioxides remains unchanged along the pro- 
When studying the migration of substances file, 
in the soil profile, the American investiga- 
tors limit themselves to the determination of Thus there is basis to doubt the presence of 
silica and sesquioxides in the colloidal frac- the podzolic process in the foregoing soils. The 


tion of the soil in conjunction with X-ray and 


sod process is clearly pronounced and leads to 
thermal analyses of this fraction. 


the accumulation of organic matter in the humus 
horizon, Because of the peculiarities of bio- 


_ The results of analyses of the colloidal frac- chemical processes, acid highly dispersed com- 
tion are not complete, It is not clear whether pounds predominate in the organic matter of the 
the silica content is given as a percentage of soil, which probably are able to form compounds 
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Table 3 


Mineralogical composition and the results of partial chemical analysis of the colloidal fraction (7) 


Hori- | Depth, 
zon cm 


X-ray 


analysis Thermal analysis 


| A, |0—20| Silicates, a | Illite-like clay 


smallamt. minerals pre- 
of kaolinite,} dominate. 
andtraces There is a 
of quartz small amount 


organic matter 
is stable 


Illite-like clay 
minerals pre- 
dominate with a 
small amount of 
kaolinite 


Ag 2045 Same 


Al 2: 


Y ” 


Note: Comma represents decimal point. 


Table 4 


Humus of Arctic Brown soils (10) on 
various soil-forming parent 
materials 


Soil-forming parent material 


Note; Comma represents decimal point. 


with sesquioxides and migrate down the soil 
profile. This assumption is substantiated by 
the results of analyses of the organic matter 
and the content of sesquioxides in the colloidal 
fraction. The analyses also show that organic 
matter accumulates at the permafrost boundary. 
But these processes are probably characteristic 
of only certain Arctic Brown soils which develop 
on coarse deposits. 


Occasional cases of the podzolization of 
soils on coarse deposits may, of course, occur 
in the tundra, as was mentioned by Liverov- 
skiy (5), and Gorodkov (1), but they are intra- 
zonal formations, 
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Total | Total ment (ac- 
SiO, | ALO, cording to 
Jeffries) 
FesO, |AlsOe. 


38,5} 9,5] 7,0 


of kaolinite. The 


44,4 


6,5 
1,3 


After treat 


In % 


6,6 | 42,4 | 4,3] 41,9 


17,8 | 4,2 | 10,0} 16,417,8! 3,4 


The results of morphological descriptions 
and chemical analyses show that the American 
investigators, guided primarily by only one 
morphological index — color, have combined 
various soils (for instance, brown arctic acids, 
non-podzolized soils, podzolized soils, and 
calcareous soils) into one group under the name 
of Arctic Brown soil. Thus the classification 
Arctic Brown soils as referred to any soil 
group requires further careful study. 


The second debatable conclusion made by 
the American investigators is their recognition 
of Arctic Brown soils as typical zonal soils of 
the tundra zone. They consider gleyey tundra 
soils, which are most widespread in this zone, 
as intrazonal hydromorphic soils — "the nor- 
ies extension of gleyey-bog forest soils" (Fig. 
1 


At the same time, the most typical, zonal 
soils of this region are those soils which develop 
in gently undulating areas without ground water 
supply in parent material of a medium texture. 
Under these conditions gleyey tundra soils form 
in the sub-arctic. Their gleization is not due to 
the proximity of ground water, but to the condi- 
tions of development of the seasonally thawed 
layer, underlain by permafrost. Excessive 
moisture is created by snow melting in spring, 
the thawing of ground ice, precipitation, and 
moisture condensation. The presence of a 
water barrier in the form of a permafrost pre- 
vents moisture migration beyond the limits of 
the soil profile. Asa result, a stagnant water 
regime is established in gently undulating areas 
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North 


Fig. 1. - Relationship between the 

soils of dry and wet areas in the 
tundra and taiga zones. 

A - arctic brown; 8 - sub-arctic 


brown; C - embryonic podzols; D - 
podzols; E - tundra soils; F - 
gleyey soils; G - bogs on perma- 
frost; H - bogs. 


Lithosol- 
skeletal 
O 


econdar 
skeletal 


regosols tic brown 


according to the moisture content of the soil 
(Fig. 2). According to the moisture content, 
they distinguish between typical Arctic Brown 
soils, moderately drained Arctic Brown soils, 
elevated tundra soils, meadow-tundra soils, 
semi-bog soils, and bog soils. 


We have already discussed the Arctic Brown 
soils earlier. The moderately drained varieties 
are transitional to tundra soils. Individual fea- . 
tures of gleization are found in the soil profile, 
and the litter increases. 


Tundra soils, as already mentioned, are the 
most widespread group. They are found on 
flat watersheds, on gentle slopes, and in river 
valleys. The upper horizons of these soils 
usually vary in color from yellowish to brown 
in elevated tundras to dark-gray in meadow 
tundras. Gley processes in them alternate 
with aerobic processes. Therefore there are 
usually many ochrish spots, tongues, and 
veins in their profile. The reaction of the 
soil is acid, even though as mentioned by the 


Fig. 2. - Distribution of soils in relation to soil-forming factors. 


Steep slopes, bluffs, individual well-drained 
areas with coarse-textured material, where, 
because of lateral flow and deep thawing, the 
moisture migrates beyond the limits of the 
soil profile and well-aerated soils may 
develop, are the exception. Such areas, as 
stressed by the American investigators them- 
selves, are very limited in the tundra. There- 
fore, it is illogical to consider something as 
typical which is not the rule, but the exception, 
as the Arctic Brown soils are in the tundra, 

It is most correct to retain the point of view of 
earlier investigators, such as K. D. Glinka, 
Yu. A. Liverovskiy, and Marbuta, who believed 
gleyey tundra soils to belong to the zonal 
group. 


The American investigators classify the 
soils of Northern Alaska according to the na- 
ture of soil-forming factors and, primarily, 
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American investigators, there are calcareous 
soils among them. An interesting feature of 
these soils is the considerable amount of or- 
ganic matter in the permafrost below the 
seasonally thawing layer. Such an accumula- 
tion of organic matter probably arose during 
the development of the soil, but the mechanics 
of its penetration into the permafrost is not 
clear yet. 


The mixing of soil material under the influ- 
ence of frost action is being denied by the 
American investigators on the basis of field 
experiments, Garnet grains placed in soil did 
not undergo any noticeable changes for 2 years. 


Only solifluction on slopes disturbs the soil 
profile. 


The American scientists distinguish bog soils 
in most wet areas, which develop as the peat 
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horizon develops. Semi-bog soils have a peat 
horizon 20-40 cm thick; that of bog soils aver- 
ages 1.5 m, reaching up to 6 m in individual 
cases. These soils are characterized by peat 
accumulation and well-defined gleyey proc- 
esses, anda shallow permafrost table. 


In addition to distinguishing soil varieties ac- 
cording to the moisture conditions of the profile, 
the American investigators take the thickness 
of the soil as a criterion for another series. 

The following soils are distinguished in this 
series: shallow Arctic Brown soils, develop- 
ing on fine earth materials underlain at a 
small depth by rocks. Therefore these soils 
are much less thick, have well-defined genetic 
horizons, and are graveily, asarule. To- 
gether with the shallow Arctic soils of dry 
areas, there are moderately drained soil var- 
ieties which are close to tundra soils; they 
exhibit individual signs of gleization. At the 
same time there is a pronounced accumulation 
of organic matter in the lower part of the 
profile of these soil varieties. 


A further decrease of the thickness of soil 
leads to the formation of gravelly, skeletal var- 
ieties, having a discontinuous brown horizon 
not more than 2-3 cm thick. These soils are 
included in the "lithosol"' group. The extreme 
member of this series consist of bare rocky 
surfaces lacking fine earths. 


The American scientists consider fragmentary, 
undeveloped soils of alluvial, eolian, and collu- 
vial deposits, which are well drained and have 
a Shallow active layer, as belonging to a sep- 
arate group. This soil group is designated as 
"regosol" by the American scientists. 


They also distinguish another branch of soil 
development, where the nature of soil forma- 
tion varies because of the more severe climatic 
conditions. 
Brown soils and arctic desert soils. Unfortun- 
ately there is no detailed description of such 
soils in the works of the American investigators, 
and there is no mention of their relation to other 
soils, 


Figure 1 clearly shows the distribution of soils 


depending on soil-forming factors. The major 
disadvantage of the scheme is that it is static. 
The authors do not show in what direction the 
soils develop and how the soil groups change. 
The solution of these problems would help to 
understand the genesis of the soils and the 
nature of soil formation. 


The American authors indicate that there is 
a close relation between vegetation and soil. 
They emphasize the correspondence between 
certain soil groups and definite vegetation 
groups. However, they make a reservation that 
this correspondence is less stable in moist 
areas. In addition it is disturbed by the rapid 
changes in surrounding conditions, since vege- 
tation reacts more rapidly to changes in the 
external medium. 


These authors show that vegetation groups 
usually correspond to several soil varieties, 
and, on the contrary, several vegetative 
groups may be found ina number of cases on 
similar soils (11). The most widespread mea- 
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These soils include miniature Arctic 


dow, tundra, and brush vegetation groups are 
found on similar soils with similar moisture 
conditions, Differences are caused by differen- 
tial snow cover thickness, the nature of winter 
winds, and other factors. 


The foregoing scheme of the correspondence 
between soils and vegetation is of great interest, 
but is far from being perfect. A further study 
of these relationships must lead to a deeper 
understanding of their nature, and the establish- 
ment of soil-vegetative complexes, 


The American authors repeatedly point to 
the complexity of Arctic soils and the wide 
distribution of microrelief forms. But at the 
same time they devote very little attention to 
the problems of microrelief and its relation to 
soils, even though the interrelationship between 
soils and microrelief in the tundra zone is very 
important. The difficulty of mapping the mosaic 
of tundra soil is also mentioned. In their opinion 
these difficulties can be surmounted either by 
mapping the microrelief and adding it to the 
soil map, or by determining and mapping the 
soil complexes of the tundra. Unfortunately, 
not a Single article by the American investiga- 
tors is provided with soil maps, which would 
have helped to understand more deeply the 
geographical pattern of soi] distribution and 
its genesis. 


The soil scientists who study the American 
Arctic admit the priority of Russian scientists, 
the founders of soil science, such as V. V. 
Dokuchayev, I. M. Sibirtsev, and K. D. Glinka. 
One of the articles begins thus: "Eighty years 
ago, when Dokuchayev established five natural 
soil zones, the first step was taken toward the 
systematic study of soils as natural bodies." 
They also recognize that the Soviet investiga- 
tors were the first to study Arctic and sub- 
Arctic soils. Special mention is made of the 
work of V. N. Gorodkov, whom the American 
authors call an "experienced arctic soil 
scientist. "' 


Received March 3, 1960 
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REVIEWS 
tee SE TEN TO ie ce et Se Oe el eh ee ees od 


SOIL SOLUTIONS OF THE SOUTHERN PART OF THE FOREST ZONE 
AND THEIR ROLE IN CONTEMPORARY SOIL PROCESSES 


LN. SKRYNNIKOVA 


The recently issued book of I, N. Skrynnikova 
represents an extensive experimental-theoreti- 
cal study of the contemporary tendency of the 
soil process in the southern part of the forest 
zone of the Central Russian Plain (Moscow 
Oblast’). The work is based on the study of the 
seasonal dynamics of the composition of soil 
solutions squeezed out ina press. The subject 
and the conclusions of the author are so im- 
eee that they should not be left without’ atten- 

ion. 


I. N. Skrynnikova notes great seasonal changes 
in the composition of soil solutions from the 
Moscow Oblast' and the influence of the nature 
of contemporary vegetation on it. The composi- 
tion of the solutions forms in the A, and A, hor- 
izons. It changes greatly during vertical perco- 
lation in the following direction, according to 
the author: free organic acids and partially 
their salts are decomposed by microorganisms 
and also precipitate from the solutions in the 
A, horizon, as a result of which the total con- 
centration of soil solutions in the A, and B hori- 
zons decreases sharply. The small amount of 
organic matter reaching these horizons with the 
solutions is present there in the form of am- 
monium and calcium salts. In interpreting the 
results obtained, the author pays special atten- 
tion to the fact that the sod-podzolic soils of 
the Moscow Oblast' are not being wetted through 
in summer because of intense transpiration and 
evaporation. These soils are wetted through 
only in spring and autumn, which, in the author's 
opinion, is apparently insignificant. The regu- 
lar wetting of these soils in summer to a depth 
of 10-12 cm is considered by the author as the 
cause of the maximum concentration of plant 
roots, humus, and microorganisms there. 

The sharp drop in the concentration and seasonal 
changes of the composition of soil solutions in the 
and B horizons is considered by the author as 
an indication that the contemporary soil process 
is centered primarily in the A, and A, horizons 
and has almost no effect on the underlying A, 
and B horizons. Thus, in the author's opinion, 
the sod process of soil formation takes place 
over the almost inert ''skeleton" of formerly 
strongly- and deeply-podzolized soils under 


1 Collection ''Contemporary soil processes in the 
forest zone.'' Akad. Nauk SSSR. 1959. 
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the conditions of the Moscow Oblast’ and is al- 
most entirely confined within the limits of the 
A, and A, horizons (10-15 cm from the soil 
surface), where a continuous biological ex- 
change of a definite supply of chemical ele- 
ments, important for plant life, takes place. 


In the author's opinion, the clay-forming 
and acid B horizon, characteristic of podzolic 
soils of the southern taiga, is isolated from 
the processes taking place in the A, and A, 
horizons, since the dynamics of the composi- 
tion of soil solutions here is very weak. The 
author writes that "here slow, secular processes 
take place consisting primarily in the slow 
formation of clay in the soil (the decomposition 
in situ of large soil particles and the formation 
of clay). This process is accompanied by the 
hydrolysis of sesquioxides which become free 
and the acidification of the soil reaction. A 
great role in these processes, in particular 
in the acidification of the illuvial horizons 
of these soils, is played by the deep roots of 
broadleaf trees, " 


Finally the author concludes that ''the pod- 
zol formation process under broadleaf forests, 
meadows, and fields in drained plains with 
clay loam mantle has ceased at the present time" 
and relates this evolutionary process to data 
on the history of landscape development during 
the post-glacial period and to the influence of 
the economic activity of man. 


The novelty of the material collected by 
Skrynnikova and the great theoretical importance 
of her conclusions impels us to analyze and 
examine them thoroughly. 


First of all let us analyze the problem of 
whether the method of studying the composition 
of soil solutions squeezed from a press is really 
the most effective in the study of the contem- 
porary tendency of soil processes in the forest 
zone. Throughout the history of soil science, 
soil scientists used as a basis for relating 
soils to the podzolic group (in addition to their 
geographical location and their morphological 
structure) the results of analyses similar to 
those given by Skrynnikova in the tables on the 
general characteristics of the soils studied by 
her (pp. 62-65). These soils have, in addition 
to features which may be interpreted as fossil, 
features which belong decidedly to contemporary 
soil formation, such as for instance an acid 
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reaction, especially in the lower part of the ; 
profile, which is characteristic of sod-podzolic 
soils of the southern part of the forest zone. 
The study of soil solutions squeezed from them 
showed, however, that, judging by their pH 
the latter are slightly acid, sometimes neutral 
and even alkaline. But perhaps they are alka- 
line only in the Moscow Oblast', for which the 
conclusion was made that they lack contempor- 
ary podzolization? No, the soil solutions are 
also slightly alkaline at a somewhat greater 
depth (from 12, 20, 26 and 54 cm) in the soils 
of Karelia and the Lisin Forest Reservation, 
Leningrad Oblast', which were used for com- 
parison. 


The question naturally arises whether the 
soil solutions squeezed from a press character- 
ize the true nature of the processes which take 
place in the foregoing soils... Actually one 
should not disregard the rather high and deeply 
reaching acidity of Moscow soils and judge 
of it only from the analysis of soil solutions 
no matter what their composition. It is clear 
that acidity cannot be "squeezed" into the 
solution, especially from the mineral horizons 
of podzolic soils, And this is perfectly clear 
since in podzolic soils not true but colloidally 
dissolved substances predominate. In addi- 
tion, the acid elements in the mineral horizons 
are bound to a great extent to the solid phase 
of the soils. The work of Skrynnikova herself 
contains sufficient weighty facts which indicate 
that the solutions squeezed from podzolic soils 
do not characterize the composition of their 
liquid phase as a whole. Only part of the 
soil solution can be squeezed out under 
pressure, the other, and generally predomin- 
ant part cannot be squeezed out. There are 
no reasons to think that both these parts, the 
one that can be squeezed out and the other that 
cannot, are identical in their composition. 


The method of soil solutions can be very 
effective in the study of saline and other soils 
and be worth nothing in the study of podzolic 
soils. In the latter case the method of water 
extracts, in which we treat the soil with a 
considerable amount of water and from which 
we obtained a more accurate idea of the 
composition of the soil solution as a whole, 
even though it is diluted, may be preferable. 
The method of water extracts may be considered 
as being more rational also because under natur- 
al conditions the soil solutions modify, not on 
Squeezing under pressure, but as a result of 
the free movement in the capillary soil system. 


In relation to our critical approach to the 
method of soil solutions as applied to the study 
of processes in podzolic soils we would like to 
express our disagreement with the main conclu- 
sions drawn by Skrynnikova. 


The author bases her conclusion about the 
absence of a contemporary podzolization proc- 
ess in the southern part of the forest zone 
primarily on the study of the concentration and 
composition of soil solutions at the transition 
from the A, and A, horizons to the A, and B 
horizons. However, the material in this sec- 
tion does not substantiate this conclusion, in 
our opinion, Let us try to substantiate this, 


It cannot be expected that the concentration 
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of the solution would not change within the 
profile of podzolic soils. The sources for the 
components of soil solutions are primarily the 
organogenic horizons — A, and A,, and if they 
had no capacity whatsoever to retain these 
components, soil formation and the existence 
of plants would have been impossible. Every 
soil is a complicated system of filters of : 
various types and not a completely open flowing 
channel. 


A tremendous role in the formation of a soil 
profile with an eluvial regime is played by the 
chemical and physicochemical precipitation of 
substances from the solutions, whereby a 
differentiation of the acid-base properties 
between the precipitate and the filtrate occurs 
and the latter is removed from the horizon 
where precipitation occurs. The precipitate 
and the filtrate can be neutral only if they form 
as a result of the reaction between equivalent 
amounts of acids and bases of approximately 
the same strength. There is no doubt that soil 
formation in the southern part of the forest 
zone proceeds under conditions of the predom- 
inance of acids over bases. We believe that 
the sources of the acids are (integrally) organic 
C synthesized by the plants and atmospheric 
precipitation water, while those of bases are 
plant litter. Consequently, under these condi - 
tions the liquid phase of the solutions from which 
certain substances precipitate into the A, horizon, 
and which then penetrates into the underlying 
horizons, must be less concentrated than it is 
initially and more acid than the precipitated sub- 
stances forming the A, horizon, These chemi- 
cally natural and understandable phenomena 
explain best the cause and the mechanics of 
the formation of the A, horizon under the A, 
horizon in the profile of sod-podzolic soils. 


Let us see how the data of Skrynnikova cor- 
respond to these assumptions. They serve as 
an excellent illustration of the fact that the A, 
horizon of sod-podzolic soils is the biochemical 
accumulator of bases and humic substances, 
since the solutions issuing from it are very 
poor in bases and organic matter. What is the 
importance of this to the underlying horizon, 
does it promote or inhibit its podzolization? We 
feel that it promotes podzolization, because the 
further the solution is from a state of satura- 
tion, the greater is its dissolving and migration- 
al ability. But the lowering of the concentration 
of the solution alone is not enough to explain 
the possibility of contemporary podzolization, 
since this process is undoubtedly associated 
with the effect of specific humic acids on the 
mineral portion of the soil. Can we conclude 
from the data of Skrynnikova that the solutions 
issuing from the A, horizon are not only less 
concentrated than they were in the A, horizon, 
but are potentially more acid or unsaturated? 


Unfortunately the method of soil solutions 
cannot give us absolutely accurate results to 
answer this question. It must be remembered 
that by squeezing soil solutions from the A, 
or B horizon we do not obtain the initial solu- 
tion which flowed into these horizons from 
the overlying horizon, but a solution modi- 
fied by its interaction with the given horizon 
and which is consequently less acid than it 
was initially. In addition, as we already men- 
tioned, only part (generally the lesser) of the 
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‘LN. SKRYNNIKOVA 


soil solution is squeezed out, which cannot 
characterize the soil solution as a whole. But 
even with all these shortcomings of the method 
of soil solutions, one may conclude on the basis 
of Skrynnikova's data that generally the non- 
saturation of the organic matter in soil solutions 
with bases increases at the exit from the A, 
horizon. Corresponding calculations were 
made by us on the basis of observations for 

the more typical Podushkino area. Table 1 
gives the content of organic matter in solu- 
tions and acidity from organic acids (total 
titratable acid minus the acid from CO,, ex- 
pressed in meq H per dissolved organic matter). 
As can be seen from the data in the table, the 
non-saturation of the organic matter in the 

soil solutions is generally insignificant (con- 
sidering that its full saturation capacity at 

pH of 7-8 is equal to about 500-600 meq) and 
generally increases in the A, and B horizons, 


Thus, the conclusion of the author that the 
small amount of organic matter which reaches, 
with the solutions, the A, and B horizons of 
soils in the Moscow Oblast' is represented 
almost exclusively by ammonium and calcium 
salts, cannot be considered as correct, since 
it possesses a considerable, and sometimes 
even high, titratable acid. But the most im- 
portant thing is that the conclusion is wrong 
because the organic matter in soil solutions 
from the A, and B horizons constitutes an in- 
significant portion of its total content in these 
horizons; penetrating into these horizons in 
the form of solutions, it becomes firmly bound 
to the mineral portion of the soils. Let us 
give you the following example. A tremendous 
amount of leached organic matter (up to 20%- 
30% of soil weight) sometimes accumulates in 
the humus-illuvial horizons of sandy podzols, 
which is precipitated with the hydrates of ses- 
quioxides. However, the solubility of this 
organic matter in water is insignificant and we 
would make a big mistake if we would conclude 
on this basis that no solutions of organic matter 
penetrate into this horizon. This example 
shows that the methods of soil solutions or 
water extracts can give a very distorted idea of 
processes in podzolic soils when they are used 
with sufficient discrimination. 


Let us examine another important problem. 
We cannot agree with the statement that the 
absence of regular leaching through the sod- 
podzolic soils in the Moscow Oblast' in summer 
excludes the possibility of the development of 
contemporary podzol-forming processes here. 
For the latter to take place it is sufficient that 
the soil be leached through every spring and 
autumn, In relation to this we cannot agree 
with the opinion of Skrynnikova that the depth 
of regular summer wetting of soils in the Mos- 
cow Oblast' to 10-12 cm is the cause of the 
formation of their accumulative layer (A, + B) 
at the same depth. Chernozems are wetted in 
summer even to a more shallow depth, but 
this does not interfere with the development 
of their humus horizon to a depth of one meter 
or more as a result of the utilization by plant 
roots of the moisture contents created in the 
deep horizons in autumn, winter, and spring. 
Skrynnikova writes herself that the biological 
productivity of broadleaf forests of the southern 
part of the forest zone is not inferior to that of 
meadow-mixed grass steppes. Then what should 
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interfere with the formation of a thick humus 
horizon, such as in chernozem, in the soils of 
the Moscow region? 


We are deeply convinced that the small thick- 
ness of the A, horizon in the sod-podzolic soils 
of the Moscow Oblast' is caused by their heavy 
and deep leaching during the spring and autumn, 
more accurately, by the complex of bioclimatic 
and biochemical causes, or even more precisely, 
by the fact that soil formation proceeds here not 
in the direction of a purely sod process (if such 
is possible at all) but is of the sod-podzolic type, 
and not by the lack of deep leaching in summer. 
This is evidenced first of all by the sharp and not 
gradual decrease in humus with depth; this is a 
typical feature of podzolic soils which is not en- 
countered in other soil groups and is self-ex- 
planatory. It shows that during soil formation 
the humic substances sharply differentiate 
into two parts: a part which precipitates in the 
A, horizon (solid phase) and a non-precipitating 
part (liquid phase). The thickness of the A, hori- 
zon indicates here that the products of humus for- 
mation are capable precisely to this degree of 
precipitating with the available amount of bases 
and under the given climatic conditions. The 
excess of non-precipitating and more highly 
dispersed organic matter separates rapidly and 
not gradually from the precipitate in the form 
of a solution, i.e., from the A, horizon, and, 
filtering downward, forms the other necessary 
horizons of podzolic soils — the A, and B hori- 
zons, the origin of which is genetically related 
to precisely that discontinuous form of the A, 
horizon which occurs in podzolic soils. 


The conclusion on the present-day cessation 
of the podzol-forming process in the southern 
part of the forest zone is debatable for other 
reasons also. It is in contradiction with the fact 
that the plowed soils of the Moscow and neigh- 
boring Oblasts' are acid and do not become 
neutral with time, and, consequently, require 
liming. And since liming must be repeated 
periodically it means that the acidity of the 
Moscow soils is not a relic, but is determined 
by the contemporary direction of the soil process. 


The next problem is also very important. One 
cannot agree with the author that clay forma- 
tion and acidification of the B horizon, character- 
istic of the sod-podzolic soils of the southern 
part of the forest zone, are completely isolated 
from the influence of products penetrating from 
the upper part of the soil profile, and that the 
agents of these processes are local agents, such 
as the root system of plants, microorganisms 
(?), and carbon dioxide. The explanation of 
these phenomena by the influence of the "root 
factor" does not sound very convincing. More- 
over, the author does not present any data, 
even visual, on the content and volumetric dis- 
tribution of plant roots in the B horizon. It is 
difficult to visualize how the pronounced, con- 
tinuous, monolithic, and not local clay forma- 
tion in the B horizon of sod-podzolic soils could 
take place under the influence of the generally 
scattered and almost non-branching plant roots. 
Even if we disregard the fact that the continuous 
clay-forming soil horizons are usually least 
inhabited by roots, the hypothesis of the "root 
factor'' meets another objection of a general 
nature: the "root factor" is too universal to be 
related to the origin of horizons inherent to only 
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certain soil groups. 


The method of soil solutions should not be 
overestimated during the study of contemporary 
processes in podzolic soils. This is being done 
on the grounds that supposedly only this method 
allows analysis of natural soil solutions, while 
all methods using chemical reagents change the 
nature of soil compounds, As we tried to show, 
solutions squeezed from a press also cannot 
be considered as natural for podzolic soils. Far 


from all which is capable of moving in the natur- 


al profile of podzolic soils is squeezed into the 
solution. Without "vivisection, " i.e., the deep 
penetration with various chemical and physico- 
chemical methods into the body of the soil, one 
cannot disclose the actual processes taking 
place init. The study of soil solutions is one 


of the possible methods, whereby it may be, 
literally, the most superficial of them (when 
speaking of podzolic soils), i.e., leaving out 
of the field of vision of the investigator the 
main products, properties, and processes 
which characterize these soils. 


We do not extend our critical approach to the 
method of soil solutions to all soils and would 
like to say in conclusion that no method can be 
evaluated without the material obtained from 
its use. In this sense the work of Skrynnikova 
is very valuable against the general back- 
ground of investigations devoted to the study of 
podzolic soils. 


V. V. Ponomareva 
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CHRONICLE 


SOIL SCIENCE AND GEOGRAPHY 


K. P. GORSHENIN, Agricultural Institute, Omsk 


Soil science is one of the youngest of the 
natural sciences in the field of agriculture. 
During the 80 years of its existence, soil 
science has developed greatly. The founder 
of soil science, V. V. Dokuchayev, aimed at 
utilizing its achievements in agriculture to 
the fullest. 


Since the soil is a spatial formation and our 
science was initiated in the field, it is only 
natural that during soil studies in the field, 
geographical methods of designating soils were 
used along with other methods. However, in 
post-Dokuchayev times geography took the 
lead in soil science instead of being auxiliary. 
The soils were studied primarily as natural 
formations and the main task led to the deter- 
mination of the geographical patterns of soil 
distribution. The views on soils expressed 
by our great soil scientist of that time, K. D. 
Glinka, belong to this period, In the introduc- 
tion to his textbook on soil science (1915) he 
wrote: ''To us soil is only a product of nature, 
a definite part of the core of the Earth... and 
we can study it as such, without bothering 
about the problem of how this product is re- 
lated to man and his economic activity." It 
is not necessary to show how radically this 
view differs from the views of Dokuchayev on 
the tasks of the science. To be just, however, 
it must be noted that during Soviet times Glinka 
changed his mind on the tasks of soil science 
considerably. 


The period of the domination of the geograph- 
ical tendency in soil science is sometimes 
called the period of depression in our science. 
We do not think that this is entirely true. Dur- 
ing this period material was collected which 
was necessary for the development of its general 
principles. But it is also true that if simultane- 
ously with soil-geographical investigations, in- 
vestigations had been conducted with the view 
of solving practical agricultural problems, 
based on the knowledge of soil, soil science 
would have made great achievements today. 


The October Revolution and the reorganiza- 
tion of agriculture (its socialization) posed new 
problems to all agricultural sciences, including 
soil science. The soil scientists’ were required 
to work out methods of studying soils as the 
major factor of agricultural production. 


It is understandable that the development of 
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the principal positions of Dokuchayev under the 
socialist regime required time and was ac- 
companied by certain difficulties. There was a 
certain competition between two tendencies in 
the methods of soil study, the geographical 
trend, which considered the soil as a natural 
phenomenon, and the agronomical trend, which 
considered the soil as the principal means 

of production. A great role was played by 
Academician V.R. Vil'yams in reorganizing 
soil science for agronomical purposes. 


It would seem that one could speak now of this 
controversy as something of the past. However, 
this is not true. From time to time certain 
voices are raised which again try to turn our 
science from the right path toward geographical 
sciences. Thus, for instance, Ryabchikov (2) 
tries to include soil science among geographical 
sciences and attempts to prove that its right- 
ful place is among these sciences. 


This is what A. M. Ryabchikov writes in his 
article: ''The history of one of the most synthetic 
geographical specialties -— soil science, which 
after the August 1948 session of the Academy of 
Agricultural Sciences was transferred to the 
biological faculty, is peculiar. However, the 
special position of soil departments at biologi- 
cal — soil faculties, and their separation from 
geographical faculties has a negative effect on 
the education of soil scientists, since they do 
not acquire enough knowledge of physiographic 
principles, of mapping methods, and of the 
geography of agriculture... We firmly believe 
that, as for soil science, so for geography, and 
for practical purposes, it would be better to 
train soil scientists at geographical faculties, " 


With these words the author clearly shows 
how far he is from understanding of the main 
tasks of soil science! In his opinion soil is 
not the major factor in agricultural production, 
but only a natural phenomenon. And the task 
of the science is not the solution of practical 
agricultural problems, but the cognition of 
physiographical principles. The author is right 
when he speaks of the necessity of a physio- 
graphical training of soil scientists. But this 
does not mean that the geographical method of 
soil investigation is the principal method. 
Soil-geographical investigations must be aimed 
primarily at determining the geographical patterns 
of soil distribution, as the main means of agricul- 
tural production. The lack of understanding of 
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precisely this aspect of soil-geographical in- 
vestigations is one of the reasons for such soil 
classifications, which, with the right introduc- 
tion to them, actually show the soil only as a 
geographical phenomenon and are thus worth 
little to the science. In this respect a more 
correct (even though not quite correct) idea 

on the relation between soil science and the 
geographical sciences is set forth in the articles 
of Saushkin (3), who writes: '...when studying 
soils a distinction should be made between geo- 
graphical soil science and general soil science. "' 


To understand correctly and study soils as the 
major factor of production, it is not sufficient 
to be a geographer. It is necessary that the 
soil scientist understand the agronomical nature 
of soils. And precisely this, and no other under- 


standing of soils, is the fundamental nature of soil 


science, It is understandable that such require- 
ments cannot be set to a geographer, since he 
does not have the necessary biological and 
agronomical training. And without this there 
can be no full-fledged soil scientist. 


It would be very unfortunate for soil science, 
if it would be incorporated into geographical 
sciences. And this, of course, cannot be. The 
principal means of agricultural production — 
soil, cannot be separated from the cycle of 
agricultural sciences. The fact that I found it 
necessary to write this note has nothing to do 
with the fear that soil science would be included 
in the cycle of geographical sciences. The rea- 
son for my note is a different one. The matter 
is that an article, similar to that of Ryabchikov, 
could confuse the young people, especially uni- 
versity students, who could easily accept 
purely geographical methods of soil study, the 
more so because the study of soils, as an ele- 
ment of the geographical landscape only, is 
much easier and simpler than the cognition 
of soils from the point of view of the solution 
of agricultural problems. After graduating from 
a university and starting production work, such 
young soil scientists would find themselves in 
a very difficult position. 


All that was said previously does not mean 
that soil science should not be included among 
the disciplines of geographical faculties. It 
is indisputably necessary, since the soil isa 
component of that medium in which the biologi- 
cal and industrial activity of man takes place. 
But it is also indisputable that soil scientists 
should be trained at the biological and not at 
the geographical faculty. No matter how well 
trained is a geographer, he could never proper- 
ly solve the problems of the utilization of soils 
in agriculture. The matter is that soil should 
be represented on a map not only in general, but 
the map must also be of an agronomical nature, 
which is not in the power of a geographer not 
having an agronomical background. As far as 
the geographical training of soil scientists is 
concerned, geography is sufficiently repre- 
sented at biological faculties. And if one 
should wish for something in the training of 
soil scientists at universities, it is the strength- 
ening of the agronomical foundation required by 
a soil scientist to solve problems of the proper 
utilization of soils, rather than the geographical 
one. Unfortunately, because of the present 
poor agronomical training of soil scientists at 
universities, the young soil scientists are often 


221 


lost when they face agricultural and not geograph- 
ical problems in the study of soil. This fact was 
mentioned in particular by local soil scientists 

at a seminar conducted by the soil scientists of 
the RSFSR at All-Union Institute of Fertilizers 
and Agricultural Soil Science this April. 


In relation to this we would like to suggest 
to A. M. Ryabchikov that he read the article of 
I. S. Shchukin (4), which is included in this 
issue, in order to understand correctly the 
tasks of the science of soil. Shchukin writes: 
"When the time comes to decide about the 
place of any given scientific discipline in the 
scientific system, the most correct way of 
objectively solving the problem, in our opinion, 
is the following: first of all the given science 
must be correctly and exhaustively defined at 
the contemporary level of its development, the 
purpose of its study must be indicated, the as- 
pects from which this science can be viewed 
must be described, and the necessary method- 
ological procedures must be established. " 


The points of view from which soils must be 
studied are perfectly clear. They were already 
determined by Marx and Lenin, who considered 
the soil as the main means of agricultural produc- 
tion, These points of view, and no other, must 
serve as the basis for the study of soils, using 
various methods for this purpose. And there 
are many such methods. It would enter nobody's 
mind to include soil science in the cycle of 
physical or chemical sciences, only because 
both these sciences are widely used in the study 
of soils. There are even fewer reasons to 
include soil science in the cycle of geographical 
sciences only because geographical methods are 
used in the study of soils. Soil, which has a 
spatial distribution, is related to other geographi- 
cal conditions. But if only this is used to include 
soil science in the geographical cycle, then it 
should also include all which is related to geo- 
graphical conditions, including agronomy and 
animal husbandry. It is doubtful that the 
geographers would agree with such a wide under- 
standing of the tasks of geography, even though 
agriculture as a whole is related to geography 
in the same manner. Soil science includes a 
section on the geography of soils, but this is 
not only the entire science, but not even its 
main part, since as agricultural geography, 
this is not the principal nature of agricultural 
sciences. 


Received May 18, 1960 
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sciences and its interrelationship with graphical error was made in Table 7 on page 
complex physiography. Vestnik Moskov- 85; the value numbers of two neighboring 
skogo Universiteta, seriya Vv, Geografiya. columns for the depth of 90-100 cm, giving the 
No. 1. quantity of particles, 1-0.25 and from 0.25 to 
0.05 mm in diameter, were transposed. 
Printed Should read 


From the Editors 
90-100 22.08 2.28 90-100 cm 227 822.08 


At the request of Academician IL P. Gerasi- 


mov we include the following corrections to his In his letter Academician I P. Gerasimov 
article (written together with O. A. Chichagova) notes that the foregoing values are mentioned 
‘Two soil profiles in the fields of the Rothamsted inthe note by A. A. Rode ''How analytical data 
Experiment Station, "' published in ''Pochvove- should not be used during the study of the 
deniye, '' No. 3, 1960. genesis of soils" ("Pochvovedeniye, '' No. 11, 


1960) as proof of the heterogeneity of the 
parent material of one of the Rothamsted soils 
Owing to the oversight of the author a typo- described. 
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ABRAM FEDOROVICH IOFFE 


Abram Fedorovich Ioffe died suddenly on 
October 14, 1960, a few days before his eightieth 
birthday. He was one of the outstanding Soviet 
physicists and the irreplaceable director of the 
unique in the World Agricultural Physics Insti- 
tute of the All-Russian Lenin Agricultural 
Academy; an active member of the Academy 
of Sciences of the USSR; an honorary academi- 
cian of the All-Union Academy of Agricultural 
Sciences; and a popular, scholarly communist. 


Our country and science lost in him an’out- 
standing scientist, who enriched physics with 
works of great importance, an initiator and 
proponent of the introduction of the most modern 
achievements of theoretical physics into agron- 
omy and agricultural production, who trained 
a large corps of agricultural physicists. 


An independent Agricultural Physics Insti- 
tute was created in 1932 at the All-Russian 
Lenin Agricultural Academy at the suggestion 
of A. F. Ioffe, who directed it to his last day. 


During the last 28 years, the new science of 
agricultural physics developed and strengthened 
in the Soviet Union under the constant and active 
leadership of A. F. Ioffe. It is being introduced 
more and more into practice and helps use the 
large agricultural reserves in production, The 
Agricultural Physics Institute is now a large 
scientific-research institution, equipped with 
the most modern instruments and laboratory 
equipment, located in a beautiful building, 
constructed especially for it, which contains 
greenhouses, an area with warmed soil, and 
a powerful gamma-installation for the irradia- 
tion of various items. 


The persistence of A. F. Ioffe in introducing 
the most modern achievements of physics into 
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the study of various aspects and processes of 
agricultural production resulted in that at the 
present time soil physics has developed at the 
Agricultural Physics Institute; ionized radia- 
tion and tagged atoms are used extensively; the 
photophysiology of plants is being developed; 
semi-conductors and polymers are widely used, 
agricultural machinery is being constructed and 
the processes of agricultural production are being 
automated. Many achievements of the Institute 
are widely used in agricultural production. 


Under the leadership of A. F. Ioffe, studies 
have been initiated at the Agricultural Physics 
Institute on the mechanics of the effect of ioniz- 
ing radiation on plants, which creates tre- 
mendous possibilities for radioselection. 


Much strength was spent by Abram Fedoro- 
vich to prove the advantage and effectiveness of 
the use of certain types of films in vegetable 
growing. But now there is no doubt any more 
on their value, and cadres of vegetable growers 
who use protective films are increasing. 


The major work, ''Principles of Agricultural 
Physics" (1959), was published under the editor- 
ship of A. F. Ioffe. 


The contribution of A. F. Ioffe to Soviet agron- 
omical physics is tremendous, in the full sense 
of the word, and his services in this field will 
serve our country and our people. 


Agricultural Physics Institute, Academy of 
Agricultural Sciences, and Editorial 
Office of ''Pochvovedeniye"' 
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AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsidize 
translation and publication of important Russian literature in biology have been obtained from the National 
Science Foundation, as part of a larger program to encourage the exchange of scientific information between 
the two countries. The following monographs have been published: 
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AIBS members and all other libraries; $.50 additional, foreign. 
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AIBS members and all other libraries; $.50, additional, foreign. 
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AIBS members and all other libraries; $1.00, additional, foreign. 
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$.50, additional, foreign. 
Monogenetic Trematodes, Their Systematics and Phylogeny. By Boris E. Bychowsky. 
Editor of English edition: William J. Hargis, Jr. 
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$.50, additional, foreign. 
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TRANSLATIONS OF 
RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 
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